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Abstract 
Factors controlling the quality and safety of fish using mackerel {Scomber 
scombriis) shelf-life model in the context of sanitary and phytosanitary (SPS) 
measures for The Gambian fisheries 
Bamba A.M Banja 
Abstract 
Food quality, including safety, is a major concern facing the food industry today. The 
effects of sanitary and phytosanitary (SPS) measures in the fisheries sector of The 
Gambia including the factors affecting the safety and spoilage of fish were investigated. 
Effects of SPS measures are important impediments for exporting fish and fishery 
products originating from The Gambia to the international food commodity trade. The 
inadequate scientific and technical expertise in addition to the general lack of 
information and finance are the major contributing factors to these impediments. The 
Government must build capacity, improve infrastructure and increase the number of 
trained personnel to adequately monitor and enforce fish safety and quality for both 
domestic consumption and exports. It is crucial that the seafood industry upgrade fish 
processing establishments and comply with the required hygiene and sanitary standards 
necessary. To minimise post harvest losses and improve fish quality, the use of ice 
along the production and supply chain must be applied. 
The effect of icing on colour and texture measurements of mackerel fish showed an 
increase in lightness of the eyes and gills during the initial 3 days of storage coinciding 
with a decrease in textural firmness. Deformation of the fish muscle over storage time 
was highly significant (p< 0.01) for the upper and middle parts but not for the tail end of 
the fish. 
A comprehensive evaluation on the effect of storage temperature on sensory, chemical 
and microbiological assessment of mackerel fish was conducted. Whole un-gutted 
mackerel fish had a shelf life of 8 days during storage in ice. The average quality index 
(Ql) was highly correlated (r=0.99) with days of storage. Both total volatile and basic 
nitrogen (TVB-N) and trimethylamine (TMA) increased during icing storage. The 
production of TMA and TVB-N as indicated by the correlation (r= 0.97; p< 0.001) was 
highly significant. A major increase in mean microbial count occurred at day 8; this 
indicated that the usefulness of total bacterial count as an indicator of spoilage was only 
clear from day 8. 
The effects of temperatures proved to be significant on the formation of biogenic 
amines and on the growth of microorganisms over storage time. Maximum contents of 
histamine, cadaverine and putrescine were obtained at 25°C. Histamine was not detected 
at 0**C despite the growth of the Enterobacteriaceae on the samples. Spermidine, 
spermine and tyramine cannot be used as suitable indicators of f i sh spoilage. 
The investigation on the effects of environmental conditions on the changes in 
microbial growth kinetics for Pseudomonas JIuorescens, Shewanella putrefaciens and 
cultures of mixed bacteria from mackerel fish, showed a temperature effect which was 
highly significant. The maximum growth of the microorganisms was attained at 0 to 5% 
NaCl concentration and between pH 6.5 and 7. 
Overall, this study showed that the methods used proved important in evaluating 
mackerel fish freshness quality. The wider application of the sensory method will be 
useful for the fishing industry. 
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General introduction 
C H A P T E R I 
1.0 General Introduction 
1.1 Rationale for assessing freshness quality and spoilage of chill-stored fish 
Fish is generally regarded as being much more perishable than other high protein 
muscle foods. Fresh fish, whether marketed as whole, eviscerated or in some dressed or 
split form, wi l l undergo rapid quality deterioration from harvesting to retailing. This is 
particularly so i f it is not properly handled or stored from the start. The highly nutritive 
nature o f fish, along with a favourable water activity (aw), and an appropriate pH allow 
a vast variety o f bacteria to grow on fresh fish. Fish and fish products safety for 
microbial effect is o f great public and commercial significance. From public health and 
nutritional considerations, only wholesome and good quality fish should reach the 
consumer and be used for further processing. Freshness, defined in terms of odour, 
colour, flavour, texture, and appearance makes a major contribution to the overall 
quality o f fish. In order to place fresh fish products on the market, different freshness 
levels o f the raw material should be determined consistently and accurately. This is 
particularly important when fish at some intermediate stage o f deterioration, have to be 
graded for processing and distribution. 
The deteriorative changes leading to spoilage o f chilled fish is a complex process 
resulting from the composite activities o f autolysis, spontaneous chemical reactions and 
bacteriological activities. These changes proceed concurrently and their relative 
importance vary with species o f fish and its environment (Lougovois & Kyrana 2005). 
The intrinsic composition o f fish, storage conditions, harvesting method and handling 
procedures are also crucial in the spoilage process. Consequently in post-rigor phases, 
physical, biochemical, physico-chemical changes in skeletal muscle and other organs 
take place gradually leading to changes in sensory attributes o f the fish (Sen 2005). 
1 
General introduction 
Huis In't Veld (1996) stated that food spoilage is a huge economical problem and that 
the mechanisms and interactions leading to it are very poorly understood. Realisation o f 
the importance in food ecology, predictive modeling and risk analysis has been 
developed to prevent outbreaks o f foodbome diseases and food spoilage. Fleet (1999) 
concluded that by applying the total ecological concept to food, testing is required 
because the microbiological profiles are far more diverse and complex than is generally 
considered. Therefore, thorough understanding o f the total microbial ecosystems and 
their activities are required (Fleet 1999). 
A further understanding of the mechanisms involved in spoilage is essential in order to 
formulate effective strategies for regulating quality and controlling adverse changes. 
The fishing industry has long sought a reliable method for assessing freshness o f the 
starting material to make sure that the product w i l l not become spoiled during 
distribution and marketing. An appropriate method should be rapid and accurate, cheap, 
non-destructive and ideally applicable to all seafood. It should correlate freshness 
quality with time and temperature o f storage following harvest and should provide the 
basis for estimating future storage life. However, this is very d i f f icul t to achieve 
considering the wide variety o f commercial fish species and the complex o f interrelated 
sensory, chemical and microbiological changes determining the stage o f spoilage 
(Lougovois & Kyrana 2005). 
Traditional microbial enumeration techniques are lime consuming and, therefore, 
mathematical models are being developed for predicting the quantitative estimation o f 
microbial growth. Predictive microbiology is a combination o f mathematical modelling 
and bacterial growth and/or inactivation responses to several factors, such as, 
temperature, pH and water activity (Membre, Leporq, Vialette, Mettler, Perrier, Thualt 
&, Zwietering 2005). Predictive food microbiology is a basic tool for estimating 
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microbial behaviour in foods during processing and storage (Kang, Peng, Pinglan, 
Wnangpeng & Zhihong 2009). This could serve as a complementary tool for hazard 
analysis and critical control point (HACCP) programmes, hurdle technology, and 
quantitative microbial risk assessment (Ross & Mc Meekin 2003). it could also prove 
beneficial to regulators, producers, industry, traders and consumers. 
1.2 Scope and outline of the thesis 
This chapter o f the thesis focusses on the rationale for assessing freshness quality and 
the complex process o f activities leading to fish spoilage. The scope and outline o f the 
thesis including the aims and objectives are also described. 
One o f the objectives o f the present study was to assess and evaluate the effects o f 
sanitary and phytosanitary (SPS) measures in the fisheries sector o f The Gambia and to 
analyse the problems related to market access. This type o f study is needed and it is 
therefore covered in chapter 2. 
Chapter 3 reviews relevant literature on the importance o f controlling the factors 
influencing the safety and spoilage o f fish, using mackerel {Scomber scomhnts) as a 
case model. Most changes during processing and storage are associated wi th colour and 
textural changes o f fish flesh. Colour and texture are among the main quality attributes 
and odours in sensory evaluation o f fresh and processed fish. Therefore, the effect o f 
iced storage on colour and texture o f mackerel fish is the subject o f chapter 4. The next 
chapter (5) focuses on the quality assessment o f whole (un-eviscerated) mackerel fish 
stored in ice by evaluation of chemical, microbiological and sensory changes. Chemical 
changes involved the assessment o f total volatile and basic nitrogen ( T V B - N ) and 
trimethylamine ( T M A ) production over storage time (days). Microbiological evaluation 
entailed the enumeration o f total viable bacterial counts (TVC). H2S-producing 
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organisms, Pseudomonads and microorganisms capable o f hydroiysing proteins 
(proteolytic). The quality index method (QIM) was used to assess the sensory 
characteristics which included the general apperance o f the skin, gills (odour and 
appearance), eyes (shape and colour) and body texture according to the European Union 
(EU) grading scheme (Nuray & Ozkan 2008). 
Chapter 6 examines the effect o f storage temperatures on biogenic amines formation 
and microbial growth in mackerel fish. The level o f biogenic amines in fish is relevant 
for two main reasons. The first and most important is their potential toxicity; and the 
second is the potential to use them as quality control indices. The simultaneous 
detection of histamine and other biogenic amines in certain fish species such as 
mackerel has become important for human health and food safety (Ljerka, Jelena, Veda 
Marija, Tatjana, Jelena & Dubravka 2009). However, information in the use o f biogenic 
amines as indicators for seafood quality assessment is limited (Du, Lin, Phu, Cornell, 
Marshall & Wei 2002). 
The combined effects o f temperature, pH and sodium chloride (NaCl) on the growth 
kinetic parameters o f Pseitdomonas fluorescens, Shewanella putrefaciens and a cocktail 
of mixed bacteria obtained from mackerel fish fillets to develop a microbial spoilage 
model for rapid prediction o f shelf life was examined in chapter 7. The outcome o f the 
results obtained from the different experiments conducted in the entire study compared 
with other results from literature were analysed in a concluding discussion in chapter 8. 
The importance o f this study lies in providing helpful information for evaluating fish 
freshness and quality. The knowledge acquired and the skills gained w i l l be used for 
capacity development o f artisanal and industrial fisheries operatives in The Gambia. It 
wi l l also be used to educate and train public sector professionals and private agencies 
whose mandate encompasses on food safety and quality. 
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1.3 Aim and objectives 
i.3.1 Aim 
To investigate the quality and safety o f Gambian fish products for meeting international 
fish trade requirements and improving the nutrition and health o f Gambian fish 
consumers. 
1.3.2 Objectives 
The objectives o f this study were to: 
Make a comprehensive assessment on the effects o f SPS measures in the 
fisheries sector o f The Gambia 
Use instrumental methods involving the use o f colour and texture to determine 
and evaluate the quality o f mackerel {Scomber scombrus) fish stored in ice 
- Use chemical, microbiological and sensory methods and techniques to determine 
the factors influencing the quality and safety o f Gambian fish species to develop 
a simulated fish handling and processing practice using mackerel {Scomber 
scombnis) fish as a model 
- Simulate different temperature regimes o f fish handling as practiced in The 
Gambia in order to evaluate the levels of biogenic amines and microbial growth 
in mackerel until when microbiologically declared unfi t for human consumption 
Model microbial growth from absorbance and viable bacterial count data to 
establish the combined effect o f temperature, salt concentration and pH on 
mackerel {Scomber scombrus) fish muscle. 
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Chapter 2 
2.0 The effects of sanitary and phytosanitary (SPS) measures in the fisheries 
sector of The Gambia 
2.1 Introduction 
Over the last three decades, developing countries like The Gambia have moved from 
being net importers o f fish and fishery products to becoming net exporters. This shift in 
fisheries production from developed to developing countries has resulted in changes in 
the composition and diversity o f fish and fishery products. Developing countries* 
annual export revenue from fish and fishery products totalled over US S20 billion 
through the late 1990s; and in 1997 exceeding the combined value o f their meat, dairy, 
cereal, vegetable, fruit, sugar, coffee, tobacco and oilseed exports (Delgado, Wada, 
Rosegrant, Meijer & Ahmed 2003). About 58% o f fish and fishery products consumed 
in the European Union (EU) come from non-EU waters and mainly from developing 
countries (Bene 2008). 
The increasing demand for fish and fish products compounded by consumer demand for 
safer and high quality fish (including eco-labelled products) have compelled many 
countries, including The Gambia, to undertake a comprehensive evaluation and re-
organisation o f the fish inspection and quality control systems, in order to access, 
sustain, and contribute to global market share. Similar to most developing countries, 
The Gambia has limited capacity and resources to devote to sanitary and phytosanitary 
(SPS) related issues, within government and in the private sector, to implement 
obligations o f the World Trade Organisation (WTO) Agreement on the application of 
SPS measures. 
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According to the WTO Agreement, SPS measures are mandatory technical requirements 
adopted by countries to protect the health and lives o f humans, animals, and plants from 
risks associated with disease, pests, and contamination o f foodstuffs, and to prevent 
damage caused by the establishment or spread o f pests. Sanitary measures relate to 
human or animal health, whereas phytosanitary measures relate to plant health. SPS 
measures consist o f laws, decree, and regulations including requirements for protecting 
fish and wild fauna, forests and wild flora (Henson, Brouder & Mitul lah 2000). 
Fish producers, fish traders and regulatory authorities are responsible for ensuring 
conformity with SPS requirements. Generally, businesses are primarily responsible for 
ensuring that requirements are met, and governments monitor compliance, applying 
sanctions where necessary. For fish and fishery products destined for international trade, 
the relevant authorities o f an exporting country have to provide off ic ia l certification that 
the requirements o f an importing country have been met. These activities require 
adequate and suitable legal frameworks and enforcement mechanisms, and technical 
support in the form of surveillance and monitoring systems, testing laboratories, official 
inspection services, pest and disease databases etc (Delgado et ai 2003). 
Importing countries often require guarantees that exports are derived from environments 
that are free from pollution, pests or diseases, and that minimum standards o f hygiene 
have been applied in the manufacture, packaging and distribution o f food products 
(Henson et ai 2000). Also, the products must be free from excessive residues, for 
example o f pesticides, veterinary drugs, environmental contaminants and/or naturally 
occurring contaminants. The exporting country must have the capacity both to comply 
with these requirements, and to undertake the necessary actions in order to demonstrate 
that compliance has been achieved (Henson 2004). 
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2.2 Field study 
A field study to The Gambia was undertaken in 2008 to identify problems within the 
fisheries sector that could constrain market access for fish and fisheries products 
destined for export to the EU. The study was part o f a regional programme on capacity 
building for improving fish trade performance o f selected African countries (Benin, 
Mauritania, Senegal, Sierra Leone and The Gambia). 
The aim of the SPS study was to: 
• Assess the strengths and weaknesses o f the Gambian national Competent 
Authority (CA) for inspection and certification o f fish and fishery products; 
• Assess the adequacy of national legislation to meet fish safety and quality 
requirements of intemational markets; 
• Evaluate the impact of SPS issues on fish trade in The Gambia and analyse the 
problems related to market access; 
• Assess the need for improvements in infrastructure and operating practices 
related to SPS in post harvest fisheries sector to meet intemational market 
demands; and 
• Identify training needs for the staff o f CA and fishing industry operatives to 
comply with requirements with respect to quality and safety o f fishery products 
in the intemational market. 
2.3 Methodology 
The Food and Agriculture Organisation (FAO) guidelines to assess capacity building 
needs were used (FAO 2003). The methodology also included literature review, field 
visits, meetings and interviews with diverse groups o f fisheries stakeholders 
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(administrators, fisher folk, fisher folk groups, community based organizations, non-
governmental oganizations, research and training institutions, district and local 
Government agenies, and other government agencies whose mandates touch on food 
safety and quality management matters. 
2.4 Current situation of the fisheries sector 
A detailed overview o f the fisheries sector o f The Gambia with reference to the status o f 
the country's marine fisheries resources, fish production including processing and 
marketing o f fish and fishery products are discussed below. Also, the constraints and 
opportunities o f the sector, government policy, governance regime as well as 
management and development objectives are highlighted. 
2.4.1 Fisheries sector of The Gambia 
The fisheries sector o f The Gambia is distinctly classified into two sub-sectors based on 
the types o f fishing operations. These are the artisanal and industrial sub-sectors. The 
main artisanal fisheries landing sites o f The Gambia are shown in Figure 1. 
The activities o f the artisanal fisheries sub-sector are widely dispersed throughout the 
country as can be seen in Figure 1. This sub-sector can better be described as low cost, 
labour intensive and employ both motorised and non-motorised crafts in their modes o f 
fishing operations. These operations involve the use o f less complicated fishing gear, 
methods and techniques. Unlike the artisanal fisheries sub-sector, the activities o f the 
industrial fisheries sub-sector are generally concentrated within the marine coast and 
Greater Banjul Area. The key stakeholders o f the industrial sub-sector are fishing 
vessels and fish processing establishment operations. Their operations are characterised 
as capital intensive, involving the use o f modem and sophisticated equipment for 
fishing and fish handling, processing and its related activities. 
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The fisheries sector is the key supplier o f animal protein in the diets o f most Gambians 
because fish as food is generally accessible, affordable and available to the consuming 
population. The gross national consumption o f fish is estimated to be about 25 kg per 
person, as compared to 8.2 kg per average African citizen (Drammeh 2004). The 
number o f people directly and indirectly employed in the artisanal fisheries sub-sector is 
approximately 30,000 and the industrial sub-sector provides direct employment for an 
estimated number o f 1500-2000 (Drammeh 2006). However, the number o f people 
whose livelihoods are critically dependent on fisheries and its related activities has been 
estimated to be around 200,000 (Fisheries Department 2004). 
2.4.2 Policy objectives for the fisheries sector 
Fisheries development policies were revised in 2007 and include the following: 
to improve the institutional capacity for the management o f the fisheries sector 
to improve the legal framework for the governance o f the fisheries sector 
to regulate the fisheries sector with a view to making fishing output consistent 
with rational and sustainable exploitation o f the fisheries resources 
to develop and expand fisheries and increase Gambian participation 
to develop aquaculture production 
to improve the economic environment o f fisheries and enhance the sector's 
contribution to the overall national economy 
to strengthen regional and international collaboration in the sustainable 
exploitation, management and conservation o f shared stocks and shared water 
bodies, promote bio-diversity maintenance and enhancement and prevent 
environmental degradation 
to strengthen institutional linkages with other relevant sectors 
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The specific objectives for fisheries development comprise the following: contributing 
to national food security; contributing to improvements in the nutritional standard o f the 
population; poverty reduction; curbing rural-urban migration through generation o f 
genuine employment opportunities in rural communities and the generation o f revenue 
and foreign exchange. The fisheries policy objectives are in general agreement with the 
national development policies and objectives. 
2.4.3 Mission statement of the Fisheries Department of The Gambia 
To plan, manage and develop the fisheries sector with the collaboration and cooperation 
of local, national and intemational institutions; cater for fisheries policy and legislation; 
provide advice, assistance and service to fisher folk, business, national and intemational 
institutions irrespective o f gender or creed; protect and develop local industries; provide 
credit, infrastructure and facilities in particular to the artisanal fisheries sub-sector, cater 
for technology development and technology transfer; provide development oriented 
training; promote joint venture agreements/arrangements; monitoring, control and 
surveillance; with the ultimate objective o f achieving national development and equity 
through increased food security, increased employment opportunities and enhanced 
revenue and foreign exchange earnings by way o f rational and sustainable exploitation 
and utilization o f fisheries and related resources having due regard to the conservation 
of the biological diversity o f species and preservation o f the environment (Fisheries 
Department 2004). 
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2.4.4 Institutional and legal arrangements for fisheries development and 
management 
The Ministry for Fisheries, Water Resources and National Assembly Matters 
( M F W R N A M ) is the highest Government institution charged with the responsibility for 
the development and management o f fisheries and water resources o f The Gambia. The 
institution is headed by a Minister, who is assisted and supported by a Permanent 
Secretary, Deputy Permanent Secretary, Senior Assistant Secretary, Assistant Secretary 
and support staft". For the execution o f its functions, the M F W R N A M is supported by 
two main technical departments comprising Department o f Fisheries and Department o f 
Water Resources. The M F W R N A M is mandated to make key policy pronouncements 
and the technical departments, headed by Directors, have the responsibilities for 
implementing policy pronouncements. 
2.4.5 Institutional frameworks 
The main function o f Government is on the key development areas o f research; 
extension and training; monitoring and evaluation; data collection and analysis; policy 
planning and regulation. Commercial functions are handled by the private sector. The 
M F W R N A M in collaboration with the Fisheries Department cooperate with the private 
sector, public agencies and institutions at national, sub-regional, regional and 
international levels for the development and management o f the fisheries sector. A clear 
example of such is the harmonisation o f fisheries policies within the Sub-Regional 
Fisheries Commission. 
2.4.6 Fisheries legislation 
The legal instruments for the management and development o f the fisheries sector o f 
The Gambia were originally embodied in the Fisheries Act 1977 and Fisheries 
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Regulations 1978. The Fisheries Act was revised in 1991 and the Fisheries Regulations 
were revised in 1995. However, with assistance from FAO in 2005, the Fisheries Act 
1991 was again revised to Fisheries Act 2007. The FAO also assisted the Fisheries 
Department in the development o f the General Fisheries Regulations 2007. The 
European Union (EU) project for "Strengthening Fishery Products Health Conditions in 
African, Caribbean, Pacific, and Other Countries and Territory Countries (ACP/OCT)" 
(SFP) assisted the Fisheries Department in the formulation o f the Fisheries and 
Aquaculture Products Regulations 2008. These regulations were adopted to ensure 
conformity with intemational standards on sanitary requirements and the harmonisation 
with legislation o f The Gambia's main fish trading partners in particular the EU. 
Similarly, food products that are imported in the country including fish and fishery 
products must also conform to the sanitary requirements. Presently, the Fisheries Act 
2007, General Fisheries Regulations 2007 and the Fisheries and Aquaculture Products 
Regulations 2008 are the legal documents providing the framework for harmonising 
both public and private sectors roles in the development o f the fisheries sector as well as 
assisting the Fisheries Department in the implementation o f the development and 
management plan. The recent revision o f the legal instruments are necessary because 
they have intemational character and dimension incorporating relevant provisions o f the 
Code o f Conduct for Responsible Fisheries (CCRF) and other intemational agreements, 
conventions, protocols addressing fisheries, natural and environmental issues. 
2.5 Status of marine fisheries resources 
The Gambia has a continental shelf area o f approximately 4000 Kjn^ and a 200 nautical 
mile Exclusive Economic Zone (EEZ) o f about 10,500 Km^ rich in fish species 
abundance and diversity. The Gambia is not in a position to conduct scientific research 
surveys to determine the biological density o f its fisheries resources but rather the 
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country relies on assistance from intemational organisations and institutions such as 
FAO and Norwegian agency for development (NORAD). The FAO/NORAD assistance 
was a regional programme and involved the use o f a Norwegian research vessel with 
specialist crew who collaborated with staff o f the Fisheries Department to conduct 
annual scientific surveys. These were hydro-acoustic surveys and only focussed on the 
distribution o f small pelagic fish stocks and estimated their biomass. The Estimates o f 
fish biomass from 1986 to 2006 are shown in Table 1. 
Table 1 : Estimates o f fish biomass in metric tonnes (MT) 
Year Biomass of demersal fish 
stocks in metric tonnes 
Biomass of pelagic fish 
stocks in metric tonnes 
1986 43,645 
1992 30,000 160,000 
1995 22,000 156,000 
1996 - 122,000 
1997 - 113,000 
1998 - 173,000 
1999 - 510,000 
2000 - 213,000 
2001 June - 217,000 
2001 Nov - 165,000 
2002 June - 470,000 
2002 Nov - 242,000 
2003 June - 62,000 
2003 Nov - 285,000 
2004 Nov - 212,000 
2005 Nov - 284,000 
2006 Nov - 153,000 
Source: (FD 2008) 
A recent hydro-acoustic survey of small pelagics was conducted in November 2006. 
This survey results estimated the biomass o f the pelagic fish resources to be 153,000 
M T which was lower than the biomass for 2003, 2004 and 2005 surveys. Out o f the 
153,000 M T of pelagics, 65.4% were Sardinella maderensis, 12.4% were Sardinella 
aurita, 9.2% comprised horse mackerel {Trachunts trachurus) and 13% were the 
15 
Sanitary and phytosanitary measures in the fisheries sector o f The Gambia 
Carangids and others. The maximum sustainable yield for pelagics has been estimated 
to be between 75,000 to 85,000 M T (Drammeh 2006) 
The last trawl survey conducted by the F A O / N O R A D programme in Gambian waters 
was in November 2000. The survey was limited, in terms o f time and scope o f 
coverage, and for that matter the results obtained were inadequate and inconclusive for 
estimation o f the biomass of demersal fish stocks. The lack of data and information on 
the biomass o f demersal fish stocks has made it d i f f icul t for fisheries administrators to 
make informed decisions in fisheries management. This lack o f information has 
compelled the Government to take a precautionary approach in the exploitation o f the 
demersal fisheries resources to limit and reduce the heavy fishing pressure exerted on 
demersal stocks by the industrial fishing vessels. Despite the lack o f data and 
information, the maximum sustainable yield for the demersal fish stock has been 
estimated to be around 17,000 MT(Drammeh 2006). 
2.5.1 The artisanal fisheries sub-sector 
The artisanal fisheries sub-sector is divided into three administrative areas. These are 
the Atlantic Coast Stratum (ACS), Lower River Stratum (LRS) and the Upper River 
Stratum (URS) as shown in Figure 2. The LRS and URS are further sub-divided into 
north and south banks respectively. According to the results o f the 2006 nationwide 
frame survey, there are 1, 410 head fishermen operating from 154 landing sites. The 
summary o f the 2006 frame survey results is presented in Table 2. 
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Figure 2: Map of The Gambia showing the three fisheries administrative areas: Atlantic Coast Stratum (ACS); Lower River Stratum 
(LRS) and Upper River Stratum (URS). The Hmits are shown in bold red. 
Source: Modified map of The Gambia (Anonymous 2009) 
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Table 2: Summary o f 2006 nationwide frame survey results 
Survey characteristics 2006 
Head Fishermen (Number) 1,410 
Gambian 805 
Non-Gambian 605 
Assistant Fishermen (Number) 4,694 
Gambian 2,291 
Non-Gambian 2,403 
Total Fishermen (Number) 6,104 
Gambian 3,096 
Non-Gambian 3,008 
Fishing Status (Number) 1,410 
Full-Time 983 
Gambian 541 
Non-Gambian 442 
Part-Time 427 
Gambian 339 
Non-Gambian 88 
Type o f canoes (Number) 1,707 
Un-motorised canoes 1,082 
Gambian 700 
Non-Gambian 382 
Moiorised canoes 625 
Gambian 325 
Non-Gambian 300 
Encirchng Net 295 
Gi l l Net 1,066 
Long Line 177 
Head Line 169 
Dri f t Net 344 
Source: (FD 2008) 
2.5.2 Industr ia l fisheries sub- sector 
There are 20 registered fishing companies operating in the industrial fisheries sub-sector 
and out o f these only 9 have invested in on-shore fish processing establishments. The 
fishing companies are granted permission by Government in the form of fishing licence 
to operate industrial fishing vessels and fish in Gambian waters. More than 90% o f the 
fishing vessels operating in the waters o f The Gambia are owned and operated by 
foreigners through arrangements with locally registered Gambian fishing companies or 
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under bilateral fishing agreements. Industrial fish production entails the use o f fishing 
vessels using modem equipment that are very efficient in their fishing operations. 
The industrial fisheries sub-sector used to be exploited by both pelagic and demersal 
fishing vessels operators. The pelagic fishing vessels were operated by Seagull Cold 
Stores Company in the 1980s and mainly targeted Sardinella maderensis and Sardinella 
aiirita species. Presently there are no pelagic fishing vessels operating in Gambian 
waters; licensed fishing vessels now only target demersal fish species including 
cephalopods and crustaceans (Drammeh 2004). 
2.6 Marine fish production and marketing 
2.6.1 Artisanal fish production and market ing 
Generally, there has been a gradual and steady increase in artisanal fish production since 
1989 (Figure 3) with an annual average production o f 25,660 M T . The bulk o f the fish 
landed comprised the Bonga shad {Ethmalosa fimhriata), an estuarine pelagic fish 
species. 
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Figure 3 : Annual artisanal fish production from 1989 to 2007 
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The increase in artisanal fish production is a direct result o f Government intervention in 
the sub-sector in collaboration with its development partners by way o f implementing 
development programmes and projects mainly focussing on the development o f basic 
infrastructure at fish landing sites particulariy within the ACS. It also coincided with the 
establishment o f Community Fisheries Centres (CFCs) which aimed to empower and 
involve fishing communities in the management o f artisanal fisheries activities, 
including the organisation o f Community Based Organisations (CBOs). These 
developments later included the provision of ice production plants, cold storage 
facilities, fishing inputs and equipment as well as facilities for fish handling and 
processing. 
Fish landed by the artisanal fishermen comprise both pelagic and demersal fish species 
and are sold in three distinct and separate markets. The fu-st and probably most 
important market is within the local fishing communities, for processing into dried or 
smoked fish products, and/or to be transported and marketed as fresh fish to the hotel 
and catering industry, in the city, town and village markets throughout the country. 
According to Drammeh (2006), about 20% o f artisanal fish landings undergo traditional 
fish transformation and are processed into either smoked or as salted and fermented 
dried fish or fish products. The second market for artisanal processed smoked and dried 
fishery products is within the sub-region, and this includes countries such as Guinea 
Conakry, Mali and Ghana. Thirdly, catches o f high value fish species (Shrimps-
Paeneus spp., Solefish-Cynoghssus spp., Cephalopods- Sepia spp.. Lobster- Palimtrus 
spp.) by artisanal fishermen are sold to private fish processing establishment operators 
for processing and export. 
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2.6.2 Industr ia l fish production 
In volume terms, fish production by the industrial fisheries sub-sector has declined from 
nearly 24,000 M T in 1985 to almost 12,000 M T in 1989. This represents a 50% 
decrease in production and was mainly associated with the closure o f operations by a 
pelagic fishing company (Seagull Cold Stores Company) which used to produce over 
10,000 M T o f Sard'mella spp. However, fish production increased in 1990 and 1991 to 
26,000 and 23,000 M T respectively. The increase in production from 1990 to 1991 was 
largely associated with increase in the number o f licensed fishing vessels. In 1990 the 
total number o f licensed fishing vessels was 161 and in 1991 it was 158 fishing vessels. 
Since then, there has been a general trend o f decline in production and this is more 
evident from the year 1992 (Figure 4). The decrease in industrial fish production is 
associated with the decline in the number o f licensed fishing trawlers which is as a 
consequent o f the precautionary approach or measure adopted by the Government to 
prevent over exploitation of the demersal fish resources. At present, between 25-45 
fishing trawlers are licensed annually. 
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Figure 4: Annual industrial fish production from 1985 to 2007 
Source: FD (2008) 
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According to Fisheries Department, over 90% o f licensed fishing vessels operating in 
Gambian waters land their fish in foreign ports (mainly The Republic o f Senegal) where 
the products are marketed directly or taken to fish processing establishments for further 
processing and eventual export to EU, Japan and the African markets. One o f the main 
reasons for this is the lack of a fisheries port with ancillary facilities for fish handling 
and processing. The absence o f a fisheries port presents a major economic loss and a 
limiting factor to the contribution o f the industrial fisheries sub-sector in the overall 
national Gross Domestic Product (GDP) o f the country. The industrial fish production 
and its economic value support off-shore economies to a much greater extent than the 
national and local economies. 
2.7 Situational analysis on sanitary capacity evaluation of the fisheries sector 
2.7.1 Institutional structure and capacity 
As mentioned under the institutional and legal arrangements for fisheries development 
and management, the Fisheries Department is a technical institution under M F W R N A M 
and is headed by a Director who is the Chief Technical Adviser o f the Government. The 
Fisheries Department is responsible for the management and development o f the 
fisheries sector including research and provision o f scientific data and information as 
well as providing services to all fisheries stakeholders. The Department is composed o f 
four sections based on the following functional lines: 
- Administration and Directorate including Monitoring, Control and Surveillance; 
Research and Development; 
Extension; and 
Inspectorate 
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The Department has a staff complement o f 81 employees (Table 3), including 
secretarial and other support staff. The senior staff comprise the Director, Assistant 
Director, four Principal Fisheries Officers, three Senior Fisheries Officers and three 
Fisheries Officers. The middle cadre includes two Assistant Fisheries Officers, Principal 
and Senior Fisheries Assistants and lower level cadre consists o f Fisheries Field 
Assistants and Trainee Fisheries Field Assistants. The Fisheries Department is 
understaffed in terms o f the implementation o f its mandate and the numerous tasks to be 
taken therein (FD 2007). 
Table 3 : Assessment o f the human resource capacity o f the fisheries department 
Section Actual Number Adequacy 2008 Budget 
Allocation in USS 
Administration Directorate 
and MCS* 
Research and Development 
Extension 
Inspectorate 
16 
13 
45 
7 
Good 
Weak 
Weak 
Weak 
11,525 
14,564 
26,848 
8,233 
T O T A L 81 61,170 
MCS*: Monitoring, control and surveillance 
Source: (MoF 2008) 
2.7.1.1 Competent authority for the inspection and certification of fish and 
fishery products 
One of the requirements o f the E U market for fishery products is the establishment o f a 
CA by a third country wishing to export fish and fishery products ( E C 2004). In 
fulfilment o f this requirement, the Gambia Government established the CA in 1996 as 
an entity for inspection and certification o f fish and fishery products including fish 
processing establishments. The CA is responsible for ascertaining that the handling o f 
fish and fishery products destined for the E U market by third country comforms with 
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EU standards. That fish processing establishments implement hazard analysis and 
critical control points (HACCP), sanitation standard operating procedures (SSOPs) and 
good manufacturing practices (GMPs) during production, processing and marketing. 
This has led to the amendment o f the fisheries legislation to include health and safety 
issues which are harmonised with EU and other intemational fish safety legislation. 
The CA is mainly responsible for the statutory inspection, certification and control o f 
fish and fishery products for both domestic and export markets. However, with the 
establishment o f a Food hygiene and quality control laboratory (FHQCL) at the 
Fisheries Department, the staff members o f the CA are now trained locally on how to 
perform basic food microbiological analysis. They have started to perform basic and 
fundamental microbiological tests to detect the presence or absence o f bacterial 
pathogens on fish and fishery products. 
The CA is headed by a principal fisheries officer assisted by two principal fisheries 
assistants, two senior fisheries assistants and two fisheries assistants as shown in Table 
4. The inspectors participated in series of trainings on fish product quality and safety 
assurance; fisheries technology; inspection practices and train the trainer course on 
HACCP and its associated programmes. The trainings were financed and conducted by 
Govemment, donor support programmes and projects. The inspectors conduct 
inspection and certification o f fish processing establishments and certification o f 
products. Also, the microbiological testing and verification are performed by the 
inspectors to determine the safety and quality o f fish and fishery products. It is 
recommended that personnel working in the FHQCL are adequately trained to meet 
their mandate. It is also recommended that the functions o f the CA are independent o f 
the testing and verification laboratories. 
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Table 4 ; Human resources capacity o f the competent authority in the Fisheries 
Department 
Position Number Qualifications Years* 
Principal Officer 1 MSc in Fish Technology 27 
Principal Assistant 2 1 G C E O ' Level Diploma Over 31 
Fisheries Technology 19 
Senior Assistant 2 Diploma Fisheries Technology 20 
Assistant I Diploma in Fisheries Technology 19 
Trainee Assistant 1 GCE 0 ' Level 8 
Total 7 
*: years o f w o r k i n g exper ience i n f o o d t e c h n o l o g y and q u a l i t y con t ro l 
Source: (FD 2008) 
2.7.1.2 Infrastructure and equipment for the competent authority 
The CA is provided with office space and two computers. The inspectors do not have 
access to adequate internet facilities, telephone lines and faxes. Only the head o f the CA 
has a telephone line in his office with internet facilities which is shared among other 
senior officers who are not staff o f the CA. It is recommended that adequate computers 
with internet facilities, telephone lines and office supplies are provided to the CA. 
2.7.1.3 inspection and certincation of fish processing establishments and 
fisheries products 
The inspection and certification o f fish processing establishments and fisheries products 
is a regulatory requirement under the fisheries legislation and its enforcement is one o f 
the functions o f the CA. Presently, the CA conducts four types o f inspections and these 
are: 
Inspection o f f i s h processing plants for certification (irregular) 
Inspection o f fish processing plants for continued compliance (regular) 
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Inspection o f fish and fishery products prior to export (anytime there is 
consignment for export) 
- Spot-checks (un-announced visits) 
Fish processing establishments are inspected for certification by the CA to ensure that 
the structural design and layout o f the establishments are appropriate and that flow o f 
fisheries products and processes during handling and processing are enhanced without 
any potential cross contamination o f the products. Also, a detailed inspection is 
conducted to cover the facilities and equipment for fish handling and processing and 
sanitary hygienic operating conditions including procedures for "own-checks" to ensure 
compliance with standards in accordance with relevant provisions o f the national 
fisheries legislation. Having fu l f i l l ed all the requirements o f the Fisheries Regulations 
as being at least equivalent to those o f the EU, the fish processing establishment is 
approved and issued a unique certification number. This number is specific to the 
establishment. Following certification, the CA informs the EU through diplomatic 
channels o f their decision before the fish processing establishment is allowed to export 
fish and fishery products into the EU. The time to process the inclusion o f the certified 
fish processing establishment in the list o f establishments allowed to export by the EU 
and circulate the information to the other EU countries is too long and this is a major 
cause for concem to both the fishing industry and the CA (FD 2008). 
The inspection of fish processing plants for continued compliance is conducted in the 
form of audits. This is done to ensure that fish safety and hygiene standards achieved by 
the processing plants are maintained and that quality management systems including 
HACCP and SSOPs are implemented. The findings o f the inspection are discussed with 
management o f the fish processing plants and following that, a report is prepared and 
sent to the establishment and M F W R N A M . Any deficiency is highlighted and time 
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frame given by the CA for correction. The frequency o f inspections depends on the 
degree o f compliance. 
Notwithstanding, spot checks (un-announced visits) are regularly conducted at fish 
processing plants especially during processing shifts, to that obvious defects or 
malpractice would be detected. These could sometimes be a fol low-up visit o f 
communication to check compliance with previous instructions. 
The inspection o f fish and fishery products at the processing plants is also undertaken 
prior to export. It is an established procedure for the processing establishment to 
formally notify the CA of its intention to export, and the CA inspectors visit and inspect 
the products before it is loaded into containers. The inspectors use temperature 
recording devices to monitor the temperature o f the products, as required by the 
legislation. Also, the inspectors undertake integrity checks, including correct labelling, 
to ensure that any product descriptions and batch numbers, indicated on the export 
documentation, are accurate to enhance traceability. 
Following inspection and approval o f fish and fishery products for export, the fish 
processing establishment prepares three original copies o f the sanitary health certificate 
accompanying the fishery products, for stamp and signature by the head o f the CA or 
any other authorised officer. One copy is retained by the CA, one copy accompanies the 
consignment o f fisheries products and the final copy is kept by the fish processing 
establishment. 
2.7.1.4 Facilities and equipment for inspection and certification 
Only three temperature recording devices were available for use by the CA during 
inspections. The other temperature recording devices were not working and not 
replaced. There was only one 4X4 vehicle (Nissan model) allocated to the CA; other 
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personnel o f the CA use the same vehicle during inspections. Equipment for transport, 
situation and temperature recording devices are inadequate and rated poor. The CA 
lacks inspection tools/equipment to immediately determine the effectiveness o f cleaning 
and sanitation, and rely on visual checks during inspections. 
2.7.1.5 Financial allocation to the competent authority 
There is no specific budget allocated to the CA by the Govemment. There is an annual 
budgetary allocation for the development o f fisheries, and part o f this budget can be 
accessed by the CA to purchase inspection kits and replenish laboratory consumables 
and materials. In 2008, the total budget allocation from the Gambia Local Fund (GLF) 
to the Fisheries Department was approximately USS 12,200 (MoF 2008). Considering 
other activities o f the Fisheries Department, it is obvious that very little funding is 
available to the CA. 
The CA staff members are paid monthly salaries from Govemment and also receive 
transport allowances. The salaries and transport allowances paid to the C A staff are 
generally too low. Considering the important role and potential functions o f the CA in 
ensuring fish safety and quality, it is desirable to have a well paid and highly motivated 
CA staff. This is cmcial for effective and efficient execution o f its roles, responsibilities 
and functions in a highly professional and incorruptible manner. 
2.7.1.6 Strengths of the competent authority 
The Govemment has recognised the importance o f the fisheries sector in national socio-
economic development, and therefore has established a CA whose responsibilities 
include the inspection and certification o f fish processing establishments, fish and 
fishery products. Also, there are provisions in the national legislation on fish safety and 
quality assurance and this is a powerful tool for the CA to carry out its duties 
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accordingly. This is a fundamental development that also meets the EU requirements for 
the importation o f fish and fishery products from third countries. Furthermore, the CA is 
staffed by personnel with a wide range of qualifications who have also benefited f rom 
many training programmes on fish technology and quality assurance. This illustrates the 
fact that the on-going capacity development programme is relevant. Another added 
advantage is that the CA is located in Banjul, which is o f close proximity to the fish 
processing establishments. 
2.7.1,7 Weaknesses of the competent authority 
The lack o f adequate number o f trained personnel to ful ly execute the functions o f the 
CA is a major constraint o f the fisheries institution. Technical expertise in key areas o f 
food inspection and quality control is inadequate, especially in the area o f inspection 
and certification o f fish and fishery products. Also, the inability o f the CA to adequately 
enforce the fisheries legislation throughout the country, including fish landing sites, is 
another major constraint. The absence of regional CA offices is identified as a constraint 
to the effective functioning o f a national fish control system. Considering the numerous 
fish production sites across the country and the fact that these sites are not adequately 
monitored to ensure that quality o f fish is maintained along the supply chain is yet 
another constraint. It is therefore important that the capacities o f the CA inspectors are 
developed and that the number of trained inspectors is increased to adequately meet its 
mandate. Another identified constraint is the general lack o f inspection tools, kits and 
other logistics including transport. Also, another important weakness is the lack o f a 
specific budgetary allocation by Government for the operations and maintenance o f the 
CA. 
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2.7.1.8 Challenges in the development of fish inspection and quality control 
systems 
The CA is faced with major challenges in the development and implementation o f fish 
inspection and quality control systems (FIQCS). 
These challenges include: 
Insufficient financial resources 
Inadequate technical and scientific expertise 
Inadequate capacity for fish inspection and quality assurance 
Poor infrastructure 
Inadequate understanding o f the regulations and therefore poor application 
Poor communication and networking 
In order to address these challenges, it is necessary to explore possibilities and mobilise 
resources for the development o f FIQCS. The building o f national capacities to address 
emerging challenges such as risk analysis, HACCP etc. are fundamental to the 
significant development o f the FIQCS. Technical assistance could be solicited from the 
FAO and the EU. Continuous building and development o f fish inspection and quality 
assurance capacity at national level through training o f trainers should be implemented 
to strengthen the FIQCS. It is also important that analytical capabilities at the CA level 
are upgraded to include training equipment and analytical skills. Furthermore, it is 
necessary to develop and strengthen co-operation and exchange of information with 
national, sub-regional, regional and international institutions, it is important to create, 
develop and continuously up-grade databases on fish inspection and quality assurance 
e.g. SSOPs, Codes o f Best Practices etc. This would assist in the harmonisation o f 
FiQCS with sub-regional, regional and international systems, 
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2.8 Infrastructure on testing and verincation of fish and fisher>' 
products 
2.8.1 Fish hygiene and quality control laboratory 
Aware o f stringent legislation and the ever increasing tighter off ic ia l control on fish and 
fishery products in international seafood trade, the Government has constructed the Fish 
Hygiene and Quality Control Laboratory (FHQCL) at the Fisheries Department in the 
late 1990s. The FHQCL comprises the microbiology and biochemical laboratories 
which are now equipped with basic microbiological and chemical equipment, 
chemicals, reagents and microbiological growth media through technical assistance 
project funded by the Arab Bank for Economic Development in Africa ( B A D E A ) . A 
technical expert with the BADEA project assisted the Fisheries Department in the 
installation o f the laboratory equipment. 
There are no permanent laboratory staff in the Fisheries Department. The C A personnel 
are involved in inspections and certification o f fish processing plants and fisheries 
products, and have also been trained by the B A D E A technical expert in basic 
microbiological and chemical testing on fish and fishery products, to support the 
national fish inspection and quality control system. Microbiological testing is now 
performed, and includes the determination o f total viable bacterial counts (TVC) and the 
presence/absence o f some food pathogens (Salmonella spp., Escherichia coii, coliforms, 
vibrios and Staphylococcus spp.). No chemical testing on total volatile basic nitrogen 
(TVB-N) , trimethylamine oxide ( T M A O ) and histamine in fish and fishery products 
was performed. 
The FHQCL has still not started to function ful ly and become a recognised food testing 
laboratory, because it has to meet and satisfy all the conditions and requirements 
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relating to accreditation (certification and recognition), including the availability o f 
adequately trained personnel with the requisite knowledge and qualifications in the 
areas o f food microbiology and food chemistry. These have to be accompanied by 
adequate budgetary allocation from Government to support the activities o f the FHQCL. 
2.8.1.1 Potential role of the food hygiene and quality control laboratory 
The potential role o f the FHQCL wi l l be to conduct microbiological and biochemical 
tests to ensure that fish and fishery products meet the requirements stipulated in national 
and international legislations, including those o f the importing countries. However, the 
fish processing and export establishments do not individually have private food testing 
laboratories to strengthen their quality management programmes. Testing and 
verification for compliance to standards o f hygiene and safety could be the other 
potential role o f the FHQCL, by the provision o f services to the industry. Environment 
monitoring, testing o f water quality and other related research activities conceming fish 
safety and quality and the verification o f established critical limits along the production 
and supply chain could also be conducted at the FHQCL. Presently, there is no system 
of replenishing o f laboratory consumables, reagents and equipment to ensure 
sustainability o f the FHQCL. It is important that a Government subvention is created for 
the maintenance o f the laboratory, and for the fishing industry to pay for the cost o f 
services (testing and analysis). 
2.8.1.2 Potential accreditation of the microbiology laboratory 
The Microbiology laboratory has been identified and selected alongside other national 
laboratories with the potential and opportunity to receive assistance f rom the West 
Africa Quality Programme (WAQP) of the non-UEMOA and Mauritania region. It is 
funded by the EU and executed by United Nations Industrial Development Organisation 
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(UNIDO). The WAQP is based at the Ministry o f Trade, Industry and Employment 
(MTIE) and has offered to assist the Fisheries Department in the accreditation o f the 
microbiology laboratory, provide some laboratory equipment and fund short training 
programmes on capacity development. Assistance from the WAQP w i l l complement the 
Government effort to develop the capacity and capability o f the FHQCL for 
accreditation as a ful ly fledged institution for food (particularly fish) microbiological 
testing. The WAQP has already provided an expert who recommended modifications o f 
the structural design and layout o f the microbiology laboratory to internationally 
acceptable standard. In consultation with the CA, the expert has designed the drawings 
for the proposed modifications o f the microbiology laboratory. The funding for the 
structural modifications should be provided by the Government. Also, the recruitment 
of adequately trained personnel or developing the capacities o f the existing personnel o f 
the CA to work in the laboratory is again the Government's responsibility. 
2.8.1.3 Strengths / advantages of the fish hygiene and quality control 
laboratory 
When the FHQCL is ful ly equipped and functional, rejects o f Gambian seafood export 
by major fish trading partners w i l l be minimised or prevented as reliable 
microbiological and chemical tests to ensure compliance would be undertaken. For 
example, analyses o f total volatile and basic nitrogen (TVB-N) and trimethylamine 
(TMA) would be performed to ensure compliance. 
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2.8.1.4 Weaknesses of the fish hygiene and quality control laboratory 
The weaknesses o f the FHQCL are: 
- The inadequate structural design and layout o f the FHQCL is a major 
infrastructural constraint to the initiation o f the accreditation process for 
ISO 17025:2005 certification 
- Lack o f trained and specialised laboratory personnel is a major weakness 
for the effective and efficient functioning o f the FHQCL 
- Lack o f complementary laboratory equipment and materials 
- Maintaining the supply o f consumables and materials and meeting 
laboratory standards including operational costs are also major constraints 
The lack o f transport and logistics to support inspection services including 
sampling and documentation process 
- The lack o f adequate office space, computers and internet facilities, and 
office materials and supplies 
2.8.2 Fish and fisher>' products export industry of The Gambia 
Fish is an important source o f the Government revenue and an export commodity. The 
seafood export industry plays a very important role in the economy of the country 
through employment creation, income generation, foreign exchange earnings and 
contribution to food security and poverty reduction. The export sub-sector supports 
between 2000-5000 Gambians directly but the contribution o f the export industry is not 
ful ly exploited due to lack o f technical, financial, physical (infrastructure) and human 
resources as well as the general lack o f management skills. In discussing the fish and 
fishery products sector o f The Gambia, this study makes an important distinction 
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between marine and freshwater production. Fresh water production comprising capture 
fisheries from rivers and lakes have not been included in this study. 
Traditionally, exports o f fish and fishery products have been directed at four major 
markets: the EU, United States o f America (USA), Asia and the sub-regional African 
market, which collectively account for approximately 100% o f the country's total fish 
exports. Out o f this, the EU account for more than 60% of exports comprising mainly 
bulk frozen and smoked fish and fishery products. The second most important export 
market is the sub-regional market for fresh, dried and smoked products, followed by the 
Asian market mainly for dried shark fins, and the USA market for smoked fish and fish 
products respectively. 
During 2003 to 2007, 60% of exports comprised bulk frozen fish; smoked fish 
constituted 14%; dried fish was 18% and fresh fish exports were 8% (Figure 5). 
• Frozen Fish • Dried Fish B Smoked Fish • Fresh Fish 
Figure 5 : Composition of fish and fishery products exports from The Gambia, 2003 
2007 
Source: (FD 2008) 
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There has been a steady increase in the total volume o f seafood exports f rom 454 M T to 
780 M T during this period. This represents an increase o f 27% in 2007. In value terms, 
there has been a corresponding increase from USS 470,000 in 2003 to USS 1.6 mil l ion 
in 2007 representing an increase from 12% in 2003 to 40% in 2007. Also, the increase 
affects all the different types o f fish and fishery products (Figure 6). 
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Figure 6: Trend in the exports of fish and fishery products from The Gambia 2003-
2007 
Source: (FD 2008) 
Export o f smoked fish and fishery products has steadily increased from 2004 to 2007. 
The volume o f exports for smoked fisheries products was higher than both frozen and 
dried fish and fishery products. Export o f smoked fish and fishery products has become 
an increasingly important economic activity, because o f the involvement o f Gambian 
women entrepreneurs in the trade at the intemational level through certified fish 
processing plants. These women entrepreneurs target niche markets in the EU and the 
USA for smoked fish and fishery products. However, exports o f smoked fish and 
fishery products to the EU undergo rigorous controls on levels o f polycyclic aromatic 
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hydrocarbons (PAHs), especially benzo (a) pyrene at the point o f entry. Other controls 
on smoked fish and fishery products involve quality issues relating to breakdown in the 
cold chain (thawing), inadequate labelling o f consignments and insect infestation. 
The general lack o f fish handling and cold storage facilities at Banjul International 
airport (point o f exit) for fish and fishery products destined for export is a major 
contributing factor to the breakdown in the cold chain and leading to thawing o f fish 
and fishery products. The absence of fish handling and storage facilities at the airport is 
identified as a constraint for airfreight consignments o f fish and fishery products. In 
order to redress fish quality issues relating to thawing, it is important that such a facility 
is provided at the airport. 
The seafood industry has enormous potential to increase export production as well as to 
contribute to the international seafood trade by maximising fish production and 
processing to ful l capacity. For this to happen, all certified fish processing 
establishments must be operational, and must ful ly meet and satisfy all the 
requirements. This is achieved through improvements in hygienic controls and other 
food safety practices in accordance with the provisions o f the Fisheries and Aquaculture 
Products Regulations 2008. It is only when these requirements are met, that continued 
access to international markets by the export industry can be maintained and improved. 
2.8.2.1 Fish and fishery products supply chain for exports 
The seafood processing plant operators do not have generally their own fishing trawlers 
for the acquisition o f raw material to supply their establishments. The export companies 
entirely depend on artisanal fish landing sites within the marine and estuarine regions 
through their own agents at landing sites. In some cases, the fish processing 
establishments employ their own buyers who collect the raw material from landing sites 
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in their own vehicles, and deliver the products to the processing plants. In other 
situations, the middlemen (buying agents) buy the products and deliver them to the fish 
processing establishments. 
Generally, there is poor fish handling and distribution within the supply chain. The lack 
o f adequate knowledge on fish handling and preservation as well as the inadequate 
application o f GMPs are mainly responsible for the poor distribution along the supply 
chain. Compounding the problem is the inadequate use o f ice in artisanal fishing 
operations. 
Some fish processing plants now use refrigerated vehicles and other companies use 
insulated vehicles with ice to transport raw material to the fish factories. These are an 
improvement from the old method o f transporting raw products in open air pick-up 
vehicles (with ice and covered with sacks) to the fish factories and other domestic 
outlets. Also, there is a general lack o f appropriate landing infrastructure within the 
artisanal fisheries sub-sector such as inadequate and inappropriate fish handling and 
storage facilities and conditions (including ice and cold storage facilities). 
To improve the handling and distribution o f fish from the sea to the processing 
establishments, adequate facilities for fish handling, processing, storage and distribution 
must be provided and efforts made to improve handling practices on fishing boats and at 
landing sites. According to the Fisheries Department, there are plans to establish 
designated fish landing sites within the ACS for fish factory supplies; presumably these 
would be the sites where ice and cold storage facilities w i l l be available. This is a 
positive development because it w i l l address the queries and concerns raised in the 
report o f the FVO of DG-SANCO in January 2006 (FD 2007). It w i l l also enhance 
market access for Gambian fish products in intemational markets. It is also highly 
crucial that the capacities o f all those operating along the supply chain are improved. 
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Equally, the number o f designated fish landing sites should be increased to cover the 
estuarine areas o f the North and South banks o f the River Gambia, however, these sites 
should be provided with the requisite infrastructure and facilities. 
2.8.2.2 Certified fish processing establishments 
In 1995, the Gambian seafood industry undertook rigorous structural modifications and 
re-organisation o f the processing establishments for the purpose o f meeting the 
requirements o f Schedule X V of the Fisheries Regulations 1995 in order to be certified 
and allowed to export fish to EU, the country's main fish trading partner. The industry 
was not provided with any financial assistance from the Govemment nor its main 
trading partner (EU) for the required structural and technical improvements. The 
financial resources required for the structural and technical improvements were borne 
by the owners o f the fish processing companies. The Fisheries Department staff 
provided technical guidance to the industry during the modification and re-organisation 
period. This coincided with the first visit o f the EU inspectors from DG-SANCO to 
assess the CA including the fisheries legislation and fish processing establishments. The 
outcome o f the visit o f the mission was the inclusion o f The Gambia in list one o f 
countries allowed to do trade in fish and fishery products with the EU. Initially four fish 
processing plants were certified by the Fisheries Department. 
With the expansion and entrance o f new investors in the seafood industry, the number 
increased to seven certified fish establishments and three fish factory vessels. By 2006, 
the number o f certified fish processing plants increased to eight including an 
aquaculture company. The three factory vessels were de-listed because o f the lack o f 
operations for long period o f time and at present there is no certified fish factory vessel. 
There is one fish processing establishment that has been certified by the CA and still has 
not been included in the approved list o f processing establishments by the EU. The 
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process o f inclusion o f certified fish processing plants to export into the E U by DG-
SANCO is considered to be very slow as opposed to the process o f de-listing fishing 
processing plants. This is a major concern for both Govemment and private sectors as it 
de-motivates investors in the sub-sector. It is important for Govemment through 
diplomatic channels to address the issue o f delayed-inclusion into the list o f approved 
establishments with the EU authorities. 
In January 2006, DG-SANCO sent a mission o f inspectors from FVO for the second 
time in agreement with the CA under general provisions o f the EU legislation 
(Regulation (EC) No. 882/2004 and Commission Decision 98/140/EC). The mission 
observed several deficiencies and requested the CA to draw up an action plan to address 
the deficiencies which were highlighted in the report. One o f the recommendations was 
that those fish processing establishments that are operating and are not in ful l 
compliance with EU requirements should have their certification withdrawn, and that 
processing establishments capable o f working under conditions at least equivalent to EU 
standards should retain their certification. 
Following the visit o f the EU mission, detailed inspections o f all the fish processing 
establishments were conducted by the CA and those establishments not complying due 
to serious structural and hygienic deficiencies were given time to address all the 
deficiencies. The other fish processing plants which could not meet the required 
stmctural and hygienic working conditions, including the implementation o f quality 
assurance programmes, were eventually de-listed from the approved list o f authorised 
fish processing establishments. Two establishments have already been de-listed by the 
CA for non-compliance. 
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2.8.2.3 Food safety requirements faced by the seafood export sub-sector 
Fish is a highly perishable food and is therefore liable to a range o f food safety 
requirements related to general hygiene and specific microbiological and chemical 
contaminants. Fish safety issues are dynamic, and therefore the requirements are subject 
to change over time in response to emerging problems, advances in scientific 
knowledge, and consumer concems. This section focuses on issues that have raised 
challenges for the export o f fish and fishery products from The Gambia by reviewing 
the hygiene requirements related to fish and fishery products from the major export 
market (EU) for Gambian fish products. 
The EU has laid down harmonised requirements governing hygiene in the capture, 
processing, transport and storage of fish and fishery products. EU legislation lays down 
detailed requirements regarding landing of fish, structure o f wholesale, auction markets 
(landing sites) and processing facilities (for example, construction o f walls and fioors, 
lighting, refrigeration, ventilation, staff hygiene), processing operations, transport, 
storage, packaging, checks on finished products (including visual, sensory, chemical 
and microbiological parameters), laboratories and water quality. In the case o f water 
quality, parameters are specific for microbial pathogens, chemical contaminants and 
other quality indicators. These parameters are subject to minimum levels o f sampling 
and testing to monitor and confirm compliance (EC 2004). 
Generally, the EU requires that fish processing establishments undertake their "own-
checks". "Own-checks" refers to all actions aimed at ensuring and demonstrating 
compliance with standards laid down by EU legislation in accordance with the general 
principles of HACCP. 
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The key elements o f these requirements include: 
1. Identification of critical points in processing establishments on the basis o f the 
manufacturing process used 
2. Establishment and implementation o f methods for monitoring and checking such 
critical points 
3. Taking samples for analysis in an approved laboratory for the purpose o f 
checking, cleaning and disinfection methods and checking compliance with 
microbiological and chemical standards 
To satisfy fish safety requirements for Gambian fish and fishery products destined for 
export, the seafood industry must address these requirements through having adequate 
access to financial and technical resources. It is obvious that adequate financial 
resources are needed for the improvement o f the structure o f fish processing 
establishments and the maintenance o f the facilities and equipment for fish handling and 
processing. 
Technical expertise and skills in the areas o f fish inspection and quality assurance is 
very scarce and unavailable in the whole seafood industry. The cause for the low level 
o f technical knowledge is associated with the lack o f adequate training o f industry 
operatives. Those who have benefited from earlier trainings on fish technology and 
quality assurance in the mid 1990s are no longer working in the industry. This has led to 
the creation o f a knowledge gap. For the seafood industry to adequately address and 
meet the fish safety requirements o f the intemational market in particular the EU, it 
must employ qualified personnel and increase its technical expertise particularly in the 
areas o f fish technology and quality assurance, through capacity building programmes 
outlined in industry development plans. It is only through this that the key elements o f 
"own-checks" can be implemented. 
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2.9 The impact of SPS on trade in fish and risher>' products 
This study on the impact o f SPS on trade in fish and fishery products focussed on the 
stmctural improvement exercise and the upgrading o f hygienic standards undertaken in 
the fish processing sector and the on-going fish safety and quality related problems. 
2.9.1 Upgrading hygiene standards in the fish processing sector 
The impacts o f SPS on trade in fish and fishery products have evolved when the seafood 
export processing sector embarked on programmes for restructuring and re-organisation 
o f fish processing establishments. These included re-designing the structural layout o f 
fish establishments, provision o f equipment, facilities and materials for handling, 
processing, and storage including hygiene controls that would allow compliance with 
minimum requirements o f the provisions o f the fisheries legislation. The changes 
required to comply with these requirements varied significantly among fish processing 
plants. In extreme cases, fish factories had to be extended and/or the entire layout 
needed to be changed. Example o f needs included the installation o f processing 
facilities or worker changing rooms, or modifications to ensure a unidirectional fiow of 
material to prevent cross-contamination between raw and processed materials. In 
addition, often the general fabric o f the processing buildings required upgrading with 
the replacement of floors, drainage systems, ceilings and lighting. Many plants also had 
to install ice-making facilities. Fish processing establishments were also required to 
establish the necessary plans, control procedures and documentation systems. 
From interviews and discussions held with fish processing establishment operators, it 
became clear that the approximate cost o f compliance could not be quantified with this 
methodology and hence it falls beyond the scope o f this study. One thing that emerged 
from the discussions with industry personnel was the fact that a lot o f financial capital 
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and time were spent on the up-grading o f fish processing establishments. This excluded 
the value o f lost production due to time during renovations, especially when important 
major construction work was extended over a number o f months. 
Efforts to meet compliance require substantial financial resources which can only be 
met through loans from commercial banks that attract high interest rate o f payments of 
over 20%. This could be an additional financial burden on the establishments that may 
threaten the economic viability of most establishments. Evidence o f this has started to 
emerge as most o f the fish processing establishments are presently not operating 
because they lack financial resources. A viable option is by way o f jo in t venture 
agreements and arrangements with foreign companies, whereby the foreign investor 
would inject the required financial capital and technology to meet compliance. 
2.9.1.1 On-going fish safet>' and quality related problems 
Beyond the basic hygiene and sanitary requirements laid down in the national 
legislation, exporters face a seemingly continuous flow o f emerging issues, most o f 
which originally come from border detentions and rejections. Currently, control on the 
levels o f benzo (a) pyrene in smoked fish and fishery products in the EU is a major 
concern for the fishing industry, Govemment and other stakeholders. Other EU controls 
on exports o f fisheries products originating from The Gambia, relate to quality issues 
involving thawing and inadequate labelling o f fish consignments. Insect infestation with 
contamination o f Dermestes beetle larvae occurred only once in the past five years (FD 
2008). 
2.9.1.2 Border detentions and rejections of fish and fishery products 
Information on notifications concerning border detentions and rejections o f fish and 
fishery products is official ly transmitted to the CA o f the Fisheries Department through 
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the office o f the EU Delegate in The Gambia. This information is also copied to the 
MTIE, Ministry o f Foreign Affairs ( M F A ) and the M F W R N A M . The information is 
also made available through periodic reports and web-based databases on the rapid alert 
system for food and feed (RASFF). Though RASFF is meant to protect consumers, a 
major concern to third countries, including The Gambia, is that the information impacts 
negatively on the country's fish exports. A l l the notifications o f incidences o f RASFF 
on Gambian seafood exports from the end o f December 2006 to end o f May 2008 
originated from the EU (Table 5). 
Table 5 : Incidence o f RASFF from December 2006 to 29 May 2008 
Date Notified 
by 
Ref. Reason for 
notifying 
Mode of 
transport 
Manufacturer 
18.12.2006 EU 2006.CWP Ben2o(a) pyrene in 
smoked fish 
products 
Airfreight RTFC 
19.06.2007 EU 2007.BNA Bad temperature 
control 
Airfreight RTFC 
01.04.2008 EU 2008.0378 Benzo(a) pyrene in 
smoked fish 
products 
Sea-freight IPSC 
29.05.2008 EU 2008.AUY Demestes beetle 
larvae 
Airfreight RTFC 
29.05.2008 EU 2008.AUX Benzo (a) pyrene in 
smoked fish 
products 
Airfreight IPSC 
RTFC= Rosamond Trade Fishing Company; IPSC= Inlcmaiional Pelican Seafood Company 
On receipt o f the RASFF, the Fisheries Department formally informs the concerned fish 
processing establishment(s) about the rapid alert. The action to be taken by the CA 
depends on the nature and seriousness o f the RASFF. I f it is a quality issue, the CA 
warns the fish processing establishment that it should take the necessary actions to 
prevent reoccurrence o f the problem. However, i f the problem is a fish safety issue, the 
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CA now informs the Association of Gambian Fishing Companies (TAGFC) and invites 
all the operators o f fish processing establishments to a meeting. The cause o f action is 
tabled for discussion before the final decision is taken by CA. So far, the decisions 
taken by the CA included a temporary embargo on the export o f the fish commodity 
type and the suspension o f two fish processing plants. 
2.9.1.3 Information, education and communication on national and 
international food safety and hygiene issues 
The National Nutrition Agency (NaNA) is the custodian o f the Food Act 2005 and the 
Govemment agency responsible for the coordination o f nutrition and nutrition related 
activities in The Gambia. The Food Act 2005 has mandated NaNA to establish a 
National Codex Committee (NCC). NaNA is identified as the national codex contact 
point and the secretariat o f the NCC. In 2007, the NCC was re-organised and made 
operational and membership comprised Govemment agencies, private sector 
organisations, consumer protection agency and individuals. 
The NCC is a scientific committee dealing with technical issues and responsible for 
producing reports, conducting assessments, advising Govemment and developing 
capacities o f members, stakeholders and the general public on codex and food quality 
and safety issues. One o f the functions o f the NCC is to raise awareness through 
information dissemination to stakeholders in food safety and quality issues at national 
level, and also serve as a forum to assist Govemment in ensuring the supply o f safe food 
to consumers, while at the same time maximising the opportunities for industry 
development and for the expansion o f both domestic and intemational trade. It also 
cooperates with national and intemational organisations whose scope cover food 
standards. 
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The NCC is composed o f five technical sub-committees revolving around the following 
key areas of food safety and hygiene. These are: 
1. Sub-committee on Food Hygiene, Food Import and Export Inspection System 
2. Sub-committee on Analysis and Sampling, Pesticide Residues and Residues o f 
Veterinary Drugs in Food 
3. Sub-committee on Food Labelling, Additives, Contaminants, Weights and 
Measures 
4. Sub-committee on Nutrition and Food o f Special Dietary Needs 
5. Sub-committee on General Principles 
The Fisheries Department is a member o f the NCC. The Fisheries Department 
representative at the NCC is the head o f the CA and also the chairperson o f the technical 
sub-committee on Food Hygiene, Food Import and Export Inspection System. The fact 
that the Fisheries Department CA is a member of the NCC and a chairperson of one o f 
the sub-committees is a positive and important development as it is a potential medium 
to enhance flow of information on fish safety and hygiene issues at both national and 
intemational levels. 
2.10 Legal framework to meet fish safet>' and quality requirements of 
international markets 
2.10.1 Legal framework 
As a member o f the WTO, The Gambia is required to ensure transparent application o f 
SPS measures to protect the health and lives o f humans, animals, and plants from risks 
associated with disease, pests, and contamination o f foodstuffs, and to prevent damage 
caused by the establishment or spread o f pests. In order to assess the legal framework 
for meeting fish safety and quality requirements o f intemational markets, the Food Act 
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2005, the Fisheries Act 2007 and the Fisheries and Aquaculture Products Regulations 
2008 were reviewed and their adequacy in terms of equivalence with intemational 
legislation particulariy those o f the EU determined. 
2.10.1.1 Food Act 2005 
To avoid conflicts and duplication o f work between institutions involved in the 
enforcement o f food safety and quality issues, NaNA, with assistance from the FAO, 
prepared a legal document which was ratified by the National Assembly and assented to 
by the President in 2005. This legal document is known as the Food Act, 2005 and it 
clearly defined the role o f the different Govemment Departments and the State 
Agencies. The role and responsibility o f the Fisheries Department in the implementation 
o f sanitary measures is enshrined in Section 15 (G) o f the Food Act, 2005. This sub-
section mandates the Fisheries Department to be responsible for the control o f fish and 
fish processing, including in-port inspections o f industrial and artisanal catch landings. 
2.10.1.2 Fisheries Legislation 
The Fisheries legislation comprises the Fisheries Act 2007, General Fisheries 
Regulations 2008 and the Fisheries and Aquaculture Products Regulations 2008. 
2.10.1.3 Fisheries Act 2007 
Part X of the Fisheries Act 2007, Section 46 sub-section (1) and Section 52 parts (a), (d) 
and (e) pertain to aquaculture licences, controls over the sanitary conditions o f the 
establishments and control over the safety and quality o f aquaculture products. Section 
52 o f the Act relates to the protection o f the aquatic eco-system in accordance with the 
National Environment Management Act. 
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Part X I o f the Fisheries Act 2007 is on the Fish Processing, Import and Export. The 
provisions o f this part of the Act deal with the establishment and operations o f fish 
processing establishments, powers to make regulations on fish processing, import and 
export. 
It is clear that the Fisheries Act 2007 and the Food Act 2005 complement each other for 
the development o f regulations to meet the legal requirements for the management o f 
fish safety and quality in post-harvest fisheries sector. 
2.10.2 Subsidiary legislation 
2.10.2.1 Fisheries and aquaculture products regulations 2008 
in fulfi lment o f the requirements of Section 59 o f the Fisheries Act 2007, the minister o f 
M F W R N A M has developed regulations for fisheries and aquaculture products in The 
Gambia. The Fisheries and Aquaculture Products Regulations 2008 cover the following 
areas: 
Part II on the Competent Authority 
Part V Placing on The Market o f Fishery Products 
Part V I on Importation 
Part V I I on Exportation 
- Health Control; 
- The National Environmental Monitoring Programme; 
Part X I on Quality Assurance System and Production Conditions include: Best 
Plant Practices, Best Maintenance Practices, Best Potable Water Practices, Best 
Raw Material Practices, Best Cleaning and Disinfection Practices, Best Hygiene 
Practices, Best Pest Control Practices, Best Manufacturing Practices, Best 
Storage Practices, Best Transport Practices and Best Waste Disposal Practices. 
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Part X I I pertaining to Conditions for the Use o f Additives; 
- Part X I I I Product Safety Assurance System for Preparation and Processing o f 
Fishery Products Hazard Analysis Critical Control Point (HACCP) 
2.10.2.2 Adequacy of national legislation to meet fish safety and quality 
requirements of international markets 
A thorough review of the national legislation v^as undertaken to determine its adequacy 
in meeting the fish safety and quality requirements of the international markets. The 
enactment o f the Food Act 2005, Fisheries Act 2007 and the subsidiary regulations 
governing fish safety and quality management are positive developments and show the 
level o f commitment from Govemment to ensuring the attainment o f fish safety and 
quality within the fisheries sector. 
As far as meeting fish safety and quality requirements of international markets is 
concerned, the main problems confronting the CA is the enforcement o f the regulations 
to adequately ensure the safely, quality and wholesomeness o f fish and fishery products 
for both domestic and export. For Gambian fish and fish products to remain viable and 
competitive in international trade, the Govemment and its development partners should 
endeavour to assist and provide means to the C A for monitoring and enforcement o f the 
legislation. 
The review confirmed the adequacy o f the national legislation. Presently, the Fisheries 
and Aquaculture Products Regulations 2008 have adequately covered al l areas for 
ensuring fish safety and quality so as to meet the requirements o f international markets 
especially the EU. The regulations are harmonised and are considered to be at least 
equivalent to those o f the EU. 
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2.10.3 Conclusion and recommendations 
The seafood industry has enormous potential to increase export production as well as to 
contribute to the international seafood trade by maximising fish production and 
processing to fu l l capacity. A thorough review of the national legislation was 
undertaken to determine its adequacy in meeting fish safely and quality requirements o f 
international markets; the review confirmed the adequacy o f the national legislation. 
The institutional arrangements for the sustainable management and development o f the 
fisheries sector are in place. Essentially, this means that The Gambia has the natural 
resources, the institutions, and the requisite legislation to enhance the increased 
participation o f the country in the international trade in fisheries commodities including 
value addition, particularly for small pelagics. The contribution o f the fisheries sector to 
national GDP is still to be ful ly realised. This is because there are a host o f economic, 
fiscal, institutional and social constraints confronting the sector. 
The main problem confronting the CA is the enforcement o f the regulations to 
adequately ensure the safety, quality and wholesomeness o f fish and fishery products 
for both domestic and export markets. For Gambian fish and fish products to remain 
viable and competitive in international trade, the Government and its development 
partners should endeavour to assist and provide means to the CA for the monitoring and 
enforcement o f the legislation. Given the dynamic nature o f fisheries and the ever 
increasing fish safety and quality issues in international fish trade, it is important to 
implement a continuous capacity development programme to stay current wi th the ever 
changing WTO, EU and USA import requirements. 
To improve the handling and distribution o f fish from the sea to the processing 
establishments, adequate facilities for fish handling, processing, storage and distribution 
51 
Sanitary and phytosanitary measures in the fisheries sector of The Gambia 
must be provided at fish landing sites and efforts should be made to improve handling 
practices on fishing boats. It is highly crucial that the capacities o f all those along the 
supply chain are improved. 
2.10.4 The Way Forward 
2.10.4.1 Support from the West Africa Quality Programme 
The West Africa Quality Programme (WAQP) aims to provide support to The Gambia 
and enhance the country's competitiveness in international commodity trade. The 
support wi l l focus on improving the various food producing sector's role in the 
implementation o f SPS and Technical Barriers to Trade (TBTs). The Fisheries Sector 
has been identified as one o f the sectors to benefit f rom the Programme through 
capacity development for the various stakeholders in general and specifically to the 
Fisheries Department, industry and small-scale operators along the fish production and 
supply chain. The WAQP would provide assistance to the microbiology laboratory o f 
the FHQCL at the Fisheries Department to attain accreditation status to become 
recognised. It wi l l also provide some laboratory equipment and conduct a short capacity 
development programme for the staff of the Fisheries Department working on SPS and 
TBTs related issues. 
2.10.4.2 Meeting the conditions and requirements relating to accreditation 
(support to the export sub-sector) 
In order to become f i j l l y operational and recognised, the FHQCL has to meet and satisfy 
all the conditions and requirements relating to accreditation (certification and 
recognition) including the availability of adequately trained personnel with the requisite 
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knowledge and qualifications in the areas o f food microbiology and food chemistry. 
However, to achieve all these, the Govemment should first and foremost approve and 
fund the proposal for the modification o f the structural design and layout o f the 
microbiology laboratory, to meet an intemationally acceptable standard. 
2.10.4.3 Designation of major artisanal fish landing sites for fish factory 
supplies 
The proposed plans by the Govemment to designate artisanal fish landing sites for fish 
factory supplies should be pursued and be complemented with the provision o f 
infrastructure and facilities for improved fish handling and storage, Also o f relevance is 
the development o f the capacities o f the different artisanal operators in fish hygiene and 
quality control. 
2.10.4.4 Support to the Competent Authority 
A well functioning and effective national fish control management programme is a 
fundamental requirement to access international fish markets; the role o f the CA in 
ensuring the implementation o f such programmes in the sector is crucial. To achieve 
this in the sector requires the availability o f an adequately trained CA wi th adequate 
number o f personnel that is well trained and skilled to be able to monitor the application 
o f fish quality control programmes within the post harvest fisheries sector. It is obvious 
that support to the CA is required, and it is the Government's responsibility to provide 
necessary tools and the enabling working environment to the CA to effectively operate 
and meet its mandate. The Govemment could solicit support from its development and 
major trading partners in providing means to the CA to establish a well functioning and 
effective national fish control programme. 
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2.10.4.5 Sub-regional, regional and international collaboration and 
cooperation 
Fish safety and quality issues have sub-regional, regional and intemational dimensions 
by virtue o f the fact that fish as food is a traded commodity that is highly perishable and 
subject to microbiological, chemical and other related controls. Usually, developing 
countries including The Gambia are continually facing ever stricter regulations on fish 
safety and quality matters, and generally, the developing countries do not have all the 
required resources (human, infrastructure, expertise, and finance) to adequately monitor 
and enforce fish safety and quality parameters. It is therefore imperative that 
Govemment initiate a dialogue and establish collaboration and cooperation at sub-
regional, regional and intemational levels in the key areas o f the implementation o f SPS 
measures. Collaboration and cooperation can be extended to cover harmonisation o f 
legislation on SPS measures, networking and lEC, organising sub-regional, regional 
capacity development programmes including the establishment o f a regional fish safety 
panel. Assistance could be sought from FAO, EU, UNIDO or other development 
partners. 
2.10.4.6 On-going fish safety and quality issues 
Record on the incidence of RASFF mainly concem levels o f benzo (a) pyrene in 
smoked fish and fishery products is becoming a major concem for all the stakeholders 
(Table 5). Therefore, the Govemment has the responsibility to support the industry and 
their foreign partners to address the issue with the view to minimise or eliminate the 
problems o f PAHs in smoked fish and fishery products. 
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2.10.4.7 Strengthening inter agency collaboration and cooperation 
Presently, inter agency collaboration and cooperation among Government agencies and 
institutions whose mandate touch on food and food safety issues are not at optimal 
levels. The Fisheries Department, Department o f Health, Department o f Livestock 
Services, Agricultural Pest Management Unit, National Agricultural Research Institute, 
the National Nutrition Agency and the National Environment Agency have all been 
established by Government but rarely collaborate and cooperate in the execution o f their 
overiapping mandates. Similariy, the M F W N A M , the Ministry o f Health (MoH) , the 
MTIE, the Ministry o f Agriculture ( M o A ) are members o f the National Food Control 
Board. Closer collaboration and cooperation between ministries and non-governmental 
organisations involved in the food sector is also desirable. 
Finally, for The Gambia, SPS measures are considered to be the most important 
impediment to fish and fishery products exports to major international fish markets in 
the developed worid. To a large extent, this reflects the lack o f scientific and technical 
expertise, information, and finance. To effectively implement sanitary measures on fish 
and fishery products, for both domestic and export markets, it is important to build 
capacity in both the private (industry) and public (Government) sectors. In this regard, it 
is necessary to upgrade fish processing establishments to required standards and to 
employ qualified personnel to maintain them. On the other hand, the Government 
should build capacity and increase the number o f trained personnel to adequately 
monitor major artisanal fish landing sites, fishing industry and the entry and exit points. 
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C H A P T E R S 
3.0 Literature review on the factors influencing the safety and quality of fish 
using Atlantic mackerel {Scomber scornbrus) as a model 
3.1 The Atlantic mackerel {Scomber scombrus) 
The Atlantic mackerel belongs to the family Scombridae, a pelagic and migratory fish 
o f the open sea. The distribution o f mackerel extends from Norway to the North East 
Atlantic, Morocco and the Canaries, and in the Mediterranean and Black Sea (Collette 
& Nauen 1983). The total world catch o f mackerel, which is \6^^ in the top world 
landings, was 566.092 metric tonnes (MT) in 2007 (FAO 2009). Although mackerel is 
largely consumed in the fresh slate (dressed fish or fillets), it is also being used in 
considerable amounts for the purpose of freezing, canning, smoking and salting. 
The safety and wholesomeness of fish and fisheries products are indisputably the most 
important parameters o f quality. While sensory characteristics such as odour, texture, 
flavour and palatability are the major attributes consumers can readily pass judgement 
on in their acceptance or rejection o f the fishery product. The deterioration in sensory 
quality o f chill-stored fish results from natural processes which are quite independent o f 
man's deliberate intervention and are perceived as loss o f freshness and development o f 
spoilage. Fish is classified as a highly perishable food commodity and therefore its shelf 
life depends on the initial quality as well as the subsequent storage conditions under 
which it is kept. According to Gram and Wedell-Neergaard (1990), the type o f fishing 
method employed to catch fish and the subsequent handling practices thereafter also 
greatly influence the shelf life of fish species. Poor bleeding, gutting and inadequate 
cleaning or washing w i l l also impart on the quality o f fish during storage. It is well 
established that spoilage o f marine fish whether temperate or tropical is primarily 
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caused by bacteria, or lipid oxidation for fatty fish, and that autolytic changes play only 
a minor role in this respect (Huss 1995). Bacteria decompose several fish constituents; 
mainly non-protein nitrogen compounds and this can lead to the development o f o f f -
odours associated with spoilage (Huss 1995). However, the rate o f fish spoilage 
depends on several factors; the most important o f these is the fishing grounds. The 
bacterial flora on newly caught fish depends on the environment in which it is caught 
rather than on the fish species (Huss 1995). Gram and Wedell-Neergaard (1990) 
reported on the extended shelf life o f iced tropical fish species compared wi th iced fish 
from cold or temperate waters. However, (Lima Dos Santos 1978, Lima Dos Santos, 
James & Teutscher 1981) noted that although this was tme for some tropical fish 
species, it was not universally the case. Factors such as species, fat content, size, shape, 
season and feeding ground may play a part in shelf life stability. 
This chapter discusses the mechanisms (enzymic, autolytic, chemical and microbial) 
involved in the deterioration o f chill-stored fish, and the changes in sensory attributes 
accompanying spoilage. Factors affecting keeping quality and potential storage l i fe , 
physical stress during capture and storage temperature are also discussed. The chapter 
reviews methods (sensory, chemical, biochemical, instmmental and microbiological) 
that may be used to assess freshness quality and storage stability o f wet fish. Also 
discussed, is the formation o f histamine and other biogenic amines in spoiling fish 
including factors controlling their production. The final part o f this chapter focuses on 
the mles relating to food safety and quality based on the principle o f equivalence and 
also on scientific approaches. Potential public health concerns associated with fresh 
fish, e.g. pathogenic bacteria, ciguatera and algal intoxications and parasites that can 
infect humans are not discussed here. 
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3.2 Rigor Mortis 
Upon the death o f fish, the circulatory system ceases to supply the muscles with oxygen 
and metabolizable fuels, such as glucose. The consequences o f circulatory failure in fish 
until the accumulation o f metabolites are shown in Figure 7. 
Harvest of fish 
Death 
Blood circulation ceases 
Oxygen supply fails 
Oxidation-Reduction potential falls 
Aerobic respiration ceases 
ATP level diminishes 
Onset of rigor mortis 
Accumulation of hypoxanthine 
Glycogen 
pH falls 
Lactic acid 
Cathepsins liberated and activated 
Protein 
Amino acid 
Bacterial growth 
Accumulation of metabolites 
Figure 7: Consequences of circulatory failure in fin fish muscle tissue. 
Source: Azam, Strachan, Mackie, Smith & Nesvadba (1990) 
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Since no oxygen is available for normal respiration fol lowing death, the mitochondrial 
system ceases to function in all but surface cells (Azam et ai 1990). The production o f 
energy from ingested nutrients is greatly restricted and this rapidly brings about 
important changes in the muscle tissue. The first noticeable change in the flesh structure 
o f fish after catch is rigor mortis, i.e. the contraction and stiffening o f fish muscles 
fol lowing almost immediately after catch. The onset and duration o f rigor mortis and its 
resolution is affected by such factors as species, fish to fish variation within a species, 
type o f muscle, temperature and time, the method of catching employed and the 
glycogen pool of the fish (Huss 1995). In well nourished, not exhausted, large, 
refrigerated fish, rigor mortis develops later, is more intensive and lasts longer than 
small fish in poor physical condition kept at ambient temperature. When fish is starved 
and the glycogen reserves are depleted, rigor mortis starts shortly after death. Huss 
(1995) suggested that the rigor mortis process determines the subsequent iced shelf life 
since autolytic and bacterial decomposition could not start until after rigor resolved. 
An investigation into the effects o f pre-rigor filleting on fillet quality o f wild and 
farmed cod was conducted by ICristoffersen, Tobiassen, Esaiassen, Olsson, Godvik, 
Seppola & Olsen (2006). These authors found that pre-rigor filleting resulted in 
significantly less gaping than in fillets produced post rigor. The pre-rigor fillets were, 
however, 12-13% shorter post rigor. Length softening o f mackerel and hake fillets, 
excised just after hauling on-board, is 6-17%, while in some deep-water species up to 
40% shrinkage may be encountered, depending on the duration o f the trawling and the 
load o f fish in the net (Sikorski, Kolakowska & Burt 1990); pre-rigor filleted salmon 
fillets have been found to shrink by approximately 15% of the original length (Pacheco-
Aguilar, Ocano-Higuera, Castillo-Yanez, Moran-Palacio, Marquez-Rios & Lugo-
Sanchez 2003). 
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3.2.1 Autolytic changes in fish 
Autolysis is defined as "self-digestion" and is brought about by autolytic enzymes. The 
autolytic changes taking place in fish could be restricted to the first two stages as shown 
in Figure 8. These are not related to changes in the microbiological quality leading to 
spoilage. Gokoglu, Yerlikaya and Cengiz (2003) proved that for cod and yellowtail 
tuna, enzymatic changes related to fish freshness preceded and were unrelated to 
changes in microbial quality; whereas bacterial degradation o f the fish muscle results in 
the development o f offensive off-odours. The changes occurring in fish leading to 
quality deterioration and subsequent spoilage are a result o f the gradual accumulation o f 
volatile compounds in the flesh; to measure and quantify these compounds can provide 
valuable information with respect to quality deterioration in fish (Connell 1975). 
Quali ty score 
10 + 
Phase Phase Phase 
14 D a y s 
Figure 8 : Changes in the eating quality o f iced (0°C) cod {Gadus morhud). 
Source: Huss(1995) 
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3.2.2 Degradation of nucleotide metabolites in fish 
The quality deterioration o f fresh fish leading to spoilage can be perceived through 
sensory methods by an initial loss of "fresh fish flavour " (sweet, sea-weedy). The initial 
loss o f fish quality leading to deterioration is primarily due to the degradation o f 
nucleotides, Adenosine Tri-Phosphate (ATP) related compounds which are caused by 
autolytic enzymes (Huss 1995). The main route o f ATP degradation in fish muscles 
post-mortem involves gradual and stepwise dephosphorylation to adenosine mono-
phosphate (AMP) and deamination to inosine mono-phosphate (IMP)(Botta 1995). The 
latter degrades to inosine (Ino) and eventually to hypoxanthine (Hx) and ribose (R) 
(Figure 9). The breakdown of nucleotides commences upon death and its rate is 
influenced by factors such as the amount o f struggling prior to death, not bleeding the 
fish and temperature at which the fish is stored. 
ATP K ^ A D ? > A M P • I M P • H x R • H x 
P P N H 3 P Ribose 
Figure 9: Dephosphorylation and deamination o f adenosine tri-phosphate (ATP). 
Huss (1995) has indicated that the first three reactions in Figure 9 proceed very fast, 
especially at elevated temperatures, where the tumover occurs within hours. This 
pattem was followed in all bony fish investigated, but the tumover rate at the different 
steps vary enormously; especially the last reactions, since some fish accumulate inosine 
whereas high concentrations o f hypoxanthine are found early in the storage period in 
other species (Huss 1995). This was confirmed in a study where quality changes during 
iced storage o f 98 fish species were investigated and the species classified as either HxR 
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or Hx accumulating (Saito, Arai & Matsuyoshi 1959). Also Kjiochel (1985) reported 
such differences and found cod to be an inosine accumulating species whereas 
hypoxanthine accumulated in plaice. 
It is generally accepted that the loss o f intermediate nucleotide IMP, is mainly 
responsible for the loss of fresh fish flavour (Huss 1995). Apart f rom this, autolytic 
changes contribute to the spoilage o f fish by making catabolites available for bacterial 
growth (Huss 1995). In naturally contaminated fish, the breakdown o f IMP is faster than 
in sterile fish samples and several bacteria participate in the degradation. Apart from 
events related to rigor mortis, the turnover o f nucleotides is thought to be the first 
process influencing the quality o f fish. Japanese researchers have for many years 
studied the autolytic changes occurring during storage o f fresh fish with special focus 
on the breakdown of ATP (Saito et ai 1959). 
Table 6 summarises the microbial products responsible for odours in spoiling fish as 
well as their sources. Amino acids are important substrates for the formation of 
sulphides and ammonia (Huss 1995). The spoilage o f marine temperate-water fish from 
the sensory point o f view is associated with offensive fishy, rotten, HzS-off-odours and 
off-flavours. On the other hand the spoilage o f some tropical fish and fresh water fish is 
sensorically associated with fruity, sulphydryl off-odours and off-flavours (Gram, Trolle 
& Huss 1987, Lima Dos Santos 1978). Also, Gram et ai (1987) showed that volatile 
compounds in naturally spoiling fish were similar to those produced by isolated bacteria 
on sterile fish substrate. Huis In't Veld (1996) demonstrated that proteolysis was not o f 
major importance in spoilage o f fresh fish; this was shown by separating fish juice into 
a protein and a non-protein fraction. The non-protein fraction spoiled comparatively 
quickly to the whole fish juice whereas the protein fraction alone did not. Proteolysis 
becomes evident in the later stages o f spoilage, which appears to be due to depression as 
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the amino acids are utilised. The increased supply o f amino acids to the non-protein 
nitrogen (NPN) pool resulting from proteolysis supports greater production o f ammonia 
and volatile acids in the later stages o f spoilage (Huis in't Veld 1996). 
Table 6 : Bacterial products responsible for odours in spoiling fish and their sources 
Compound Perceived odour Probable source 
H2S characteristic odour cysteine 
(CH3)2S cabbage-like, strong sulphide methionine 
C H 3 S H musty, sour, cabbage-like methionine 
Acetic, butyric, propionic fruity glycerine,serine, leucine 
and hexanoic acid esters 
T M A , D M A fishy, ammoniacal T M A O 
Ammonia ammoniacal amino acids, urea 
Source : Listen (1982) 
3.3 Fish spoilage microorganisms 
The microbial flora o f spoiling fish consists mainly o f Gram-negative organisms of the 
genera Pseudomonas, Alteromonas, Shewanella, Moraxella, Acinetobacter, Vibrio, 
Flavobacterium and Cytophaga. The spoilage o f aerobically frozen and iced storage fish 
comprises mainly o f Pseudomonas spp. and Shewanella putrefaciens (Gram et al. 
1987). This is true for all fish and shellfish whether caught or harvested in temperate 
(Gram et ai 1987) or sub-tropical and tropical waters (Lima Dos Santos 1978). At 25°C 
ambient temperature, the microflora is predominantly comprising mesophilic 
Vibrionaceae (Gram & Wedell-Neergaard 1990) and, i f the fish is caught or harvested 
from polluted waters mesophilic Enterobacteriaceae become dominant (Gram 1992). 
The meaning o f spoilage flora and spoilage bacteria has been described (Huss, Dalgaard 
& Gram 1997), the former is the bacteria present on the fish when it spoils whilst the 
latter is the bacteria that produce off-odours and off-flavours attributed to spoilage. A 
greater part o f the bacteria present on the fish are normally not responsible for spoilage 
(Fig. 10). Usually it is not easy to determine which o f the bacteria isolated from the 
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spoiled fish is causing spoilage. To evaluate spoilage bacteria sometimes known as 
specific spoilage organisms (SSOs) requires in depth sensory, microbiological and 
chemical analyses. The changes during storage o f fish must be studied and quantified 
through sensory, microbiological and chemical analyses. 
TVC 
S S O 
Metabolites 
Minimal 
spoilage 
level 
Shelf life 
H «-
4 a 
Chemical 
spoilage 
index 
O o 
o 
3 
ST 
o_ 
0) 
Storage time 
Figure 10: Specific Spoilage Organism (SSO) concept. Typical changes in total viable 
counts (TVCs), SSOS and metabolites produced by SSO during storage of fresh 
seafood. 
Source : Huss(1995) 
3.3.1 Microbial ecology or seafood groups 
Foods are dynamic systems in which changes occur in pH, atmosphere, nutrient 
composition and microflora over time. Each food product has its own unique 
microflora, determined by the raw materials used, food processing parameters and 
subsequent storage conditions. Despite the variation in composition o f the microflora on 
newly caught fish, seafood products can be categorised into groups with similar 
microbial ecology (Huss, Reilly & Ben Embarek 2000). During storage, the microflora 
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changes owing to different abilities o f the microorganisms to tolerate the preservation 
conditions. Gram-negative, fermentative bacteria (like Vibrionaceae) spoil unpreserved 
fish, whereas psychrotolerant Gram-negative bacteria {Pseudomonas spp. and 
Shewanella spp.) grow on chilled fish (Huss et ai 2000). Carbon dioxide (CO2) packing 
inhibits respiratory organisms and selects for Photobacterium phosphoreum and lactic 
acid bacteria (LAB) (Dalgaard, Gram & Huss 1993). Preservation o f seafood products 
by addition o f low levels o f sodium chloride (NaCI) and slight acidification at chilled 
storage under vacuum packs inhibit respiratory Gram-negative bacteria; and under such 
conditions, the microflora typically becomes dominated by L A B {Lactobacillus and 
Canobacterium) with an association o f Gram-negative fermentative bacteria such as 
Photobacterium phosphoreum and psychrotrophic Enterobacteriaceae (Truelstrup, Gil l 
& Huss 1995). 
3.3.2 Microbial spoilage of fresh fish in stored air 
Spoilage o f fish and shellfish results from changes caused by oxidation of lipids, 
reactions caused by activities o f the fish's own enzymes, and the metabolic activities o f 
microorganisms (Ashie, Smith & Simpson 1996). The rate o f deterioration leading to 
spoilage is highly temperature dependent and can be inhibited by the use o f low storage 
temperature (e.g. fish stored in ice). The spoilage o f fresh fish is usually microbial 
(Sivertsvik, Jeksrud & Rosnes 2001) and in other cases, tissue enzyme activity can lead 
to unacceptable softening o f the fish (Huss et ai 1997). The degree o f processing and 
preservation, together with storage temperature, w i l l decide whether the fish undergoes 
microbial spoilage, biochemical spoilage or a combination o f both (Sivertsvik et ai 
2001). 
Ashie et al. (1996) and Gram and Huss (1996) have concluded that microorganisms 
associated with most fishery products reflect the microbial population in their aquatic 
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environment and that the microflora o f fish from temperate waters is dominated by 
psychrotrophic, aerobic or facultative anaerobic Gram-negative, rod-shaped bacteria. 
However, varying proportions of Gram-positive organisms such as Bacillus, 
Micrococcus, Clostridium, Lactobacillus, Cornynebacterium and Brochothrix 
thermosphacta have been isolated from seafood (Gram & Melchiorsen 1996, Huis in*t 
Veld 1996, Stammen, Gerdes & Caporaso 1990). The flora on tropical fish of^en carries 
a slightly higher load o f Gram-positive bacteria compared with fish from cold waters 
(Liston 1980). 
The sequence o f spoilage o f fresh fish can be considered in seven steps according to 
Liston (1980). These steps are: 
1. Spoilage bacteria naturally present in fish 
2. Amino acids and other non protein nitrogen substrates present 
3. Selective growth o f organisms (mostly Pseudomonas) that actively oxidatively 
deaminate amino acids 
4. Repression o f proteinase production de-pressed by selective use of amino acids 
by Pseudomonas bacteria 
5. Amino acid recruitment to substrate pool by bacterial hydrolysis o f protein; 
6. Ammonia and volatile fatty acid production sharply increases because o f the 
above mentioned point o f step five (5) 
7. Specific spoilage organisms (SSO) producing sulphur-containing and other 
odourous compounds 
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3.3.3 Microbial metabolites and seafood spoilage 
Fish contains little carbohydrate but it typically has high content o f free amino acids and 
many fish species contain trimethylamine oxide ( T M A O ) . The SSOs in seafood produce 
ammonia, biogenic amines, organic acids and sulphur compounds from amino acids, 
hypoxanthine from ATP and acetate from lactate (Gokoglu et ai 2003). T M A is 
produced by some bacteria capable o f using T M A O in anaerobic respiration 
(Chinivasagam, Bremner, Wood & Nottingham 1998, Shewan 1977). Many microbial 
metabolites produced in seafood are similar to those observed in meat and poultry 
products (Dainty & Mackey 1992); however, in seafood spoilage, T M A in particular 
contributes to the characteristic ammonia-like and fishy off-flavours. Aeromonads spp., 
psychrotolerant Enterobacteriaceae, Photobactehum phosphorium, Shewanella 
putre/aciens-Vike organisms and yibrio spp. can all reduce T M A O to T M A (Gokoglu et 
al. 2003). 
Some spoilage metabolites can and are used as quality indices. Compared with 
microbiological methods, which are slow, chemical analyses may be significantly 
faster; however, for some metabolites (compounds) measurable concentrations are not 
present until the fish is close to spoilage (Gram & Dalgaard 2002). Classical single-
compound quality index (SCQl) for seafood includes measurements o f total volatile 
nitrogen (TVN) , T M A and hypoxanthine (Gram & Dalgaard 2002). Ratios between 
ATP degradation products (K values) and biogenic amines have also been used for 
some time as quality indices (Dalgaard, Madsen, Samieian & Emborg 2006). Multiple-
compound quality indices (MCQI), in which combinations o f several metabolites are 
identified by statistical methods, have recently been introduced and correlate better with 
sensory properties and/or shelf life in some products (Leroi, Joffraud, Chevalier & 
Cardinal 2001). This new combination o f sophisticated chemical analyses, sensory 
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assessment and multivariate statistics wi l l be an important area in food spoilage 
research (Gram & Dalgaard 2002). 
3.4 Biogenic amines 
Amines are naturally present in l iving organisms and, hence, in foods. Dietary amines 
are classified in three categories, according to their chemical structure: aromatic amines 
(histamine, tyramine, serotonin, b-phenylalanine and tryptamine), aliphatic diamines 
(putrescine and cadaverine) and aliphatic polyamines (agmatine, spermidine and 
spermine)(Smith 1980). They are produced naturally in animal, plant and 
microorganism metabolism. These compounds play an important role in nucleic acid 
regulation and the synthesis of proteins (Bardoez 1995, Smith 1980). 
Biogenic amines are produced by decarboxylation o f free amino acids (FAAs) mediated 
by amino acid decarboxylase enzymes. Amino acid decarboxylation occurs through 
removal of the alpha-carboxyl group to give the corresponding amines (Bardoez 1995, 
Halasz, Barath, Sarkadi & Holzapfel 1994a, Smith 1980). Biogenic amines are found in 
varying concentrations in a wide range o f foods, including fish, cheese, meal, beer, 
vegetables and chocolate (Halasz, Barath, Simon-Sarkadi & Holzapfel 1994b, Smith 
1980). Biogenic amines are important for two reasons. Firstly, the intake o f foods 
containing high concentrations of biogenic amines can present a health hazard to 
humans through direct toxic effect o f these compounds (Bardoez 1995, Shalaby 1996). 
Secondly, they have a role as indicators o f quality and/or acceptability in some foods 
(Ruiz-Capillas & Moral 2001). 
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3.4.1 Production of histamine and other biogenic amines in spoiling fish and 
accepted histamine levels 
Histamine production in fish is related to histidine content o f the fish, the presence o f 
bacterial histidine decarboxylase (HD) and environmental conditions (Ijomah 1992). 
During spoilage, certain bacteria such as the family Enterobacteriaceae produce 
decarboxylase enzymes, which act on free histidine and other amino acids in the fish 
muscle to form histamine and other biogenic amines (Rawles 1996). According to 
Ababouch and Gram (2003), the amino acid precursors and biogenic amines formed in 
foods are shown in Table 7. 
Table 7 : Amino acid precursors and biogenic amines formed in food products 
Amino acid precursor Biogenic amine 
Histidine Histamine 
Ornithine Putrescine 
Putrescine Spermine 
Lysine Cadeverine 
Tyrosine Tyramine 
Arginine Agmate 
Species of the Enterobacteriaceae are the most important biogenic amines forming 
bacteria in fish (Ababouch & Gram 2003). These include Morganella morganii, 
Klebsiella pneumoniae, Proteus vulgaris and Hafnia alvei (Frank 1985). Since the most 
prolific histamine forming bacteria are mesophilic enteric bacteria, the formation o f 
histamine, and probably o f other biogenic amines, takes place at high temperatures > 15-
2{fC (Ababouch 1991, Flick, Oria & Douglas 2001, Lehane & Olley 2000). However, 
several other studies have also demonstrated that histamine and other biogenic amines 
can accumulate in fish to reach toxic levels even at low temperatures (Flick et al. 2001). 
Whilst biogenic amines cleariy may be formed in some fish at low temperatures, this is 
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not common (Lehane & Olley 2000) indicating that several factors, other than time and 
temperature play a major role (Flick et ai 2001). 
Fish species belonging to the family Scombridae (e.g. tuna and mackerel) are most 
commonly associated with histamine and histamine fish poisoning (HFP), but non-
scombroid fish such as mahi-mahi, sardines, pilchards, anchovies, herring and bluefish 
can also be involved (Taylor 1986). The Scombridae fish species are characterised by 
having relatively high levels o f histidine in their flesh (Taylor 1986). Histidine levels 
vary from Ig/kg in herring to as much as 15g/kg in tuna (Ijomah 1992). 
Guidelines for tuna, mahi-mahi and related fish specify 500ppm (50mg o f histamine 
/lOOg) as the toxicity level, and 50 ppm (5mg o f histamine/1OOg) as the defect action 
level because histamine is not uniformly distributed in a decomposed fish (FDA 1998). 
For the control o f histamine in fish belonging to the Scombridae and Clupeidae 
families, European Union Directive No. 854/2004 stipulates that nine independent 
samples from each batch should correspond to; 
An average histamine concentration lower than 100 ppm ( I Omg/1 OOg). 
No more than 2 samples out o f 9 with a concentration o f between 100 and 200 
ppm(10-20mg/IOOg). 
No sample with histamine content higher than 200 ppm (20mg/100g) 
The acceptable level set as a manufacturing standard by legislation in the United 
Kingdom in 1992 was lOmg/IOOg (Anonymous 1998). Examinations must be carried 
out in accordance with reliable, scientifically recognised methods, such as high 
performance liquid chromatography (HPLC) (EC 1991, 1995a). 
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3.4.2 Factors controlling histamine and other biogenic amines formation in fish 
Histamine accumulates in seafood oflen before thermal processing, either during fish 
transportation, or during long un-refrigerated storage periods before sterilisation. As 
histamine is fairly thermostable it is not affected by heat and w i l l be found in finished 
seafood products, even though the bacteria responsible for its accumulation have been 
inactivated. Hence, control and prevention o f histamine poisoning from seafoods is very 
important. 
It is generally believed that post-harvest contamination is the most important source of 
bacterial histamine formers. Prevention o f contamination and histamine fish bacteria 
(HFB) proliferation is possible by fish refrigeration or icing by elimination of delays 
between fish preparation and thermal processing so as not to provide opportunities for 
histamine forming bacteria to grow and produce histamine (Ababouch 1991). 
Taylor and Speckhard (1983) devised a method for the recovery o f HFB using frozen 
skipjack tuna {Katsuwonus pelamis) obtained from a major tuna packer in the United 
Slates. Gills, intestines and muscles were sampled. HFB (Morganella morganii) were 
isolated from only 3 out o f 10 fish, in each case from the gills only. The evidence 
suggested that Enterobacteriaceae are not part o f the normal microflora of tuna and the 
isolation o f these bacteria from the gills was attributed to post-harvest contamination. 
Scorging (1986) agreed with Taylor (1986) that outbreaks o f histamine poisoning might 
result from fish becoming contaminated after harvesting. Taylor, Stratton and Nordlee 
(1989) went further to say that most o f the histamine formers found in fish are common 
enteric bacteria o f humans and animals. Contamination, bacterial growth and histamine 
development, occur more rapidly under improper handling and delayed cooling. For this 
reason, lowering the temperature by chill ing or freezing as soon as possible wi l l slow 
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down the deterioration o f fish and therefore extend the shelf life (Aitken, Mackie, 
M e r r i t t & Windsor 1982). 
Many studies have shown that histamine formation is negligible in fish stored at 0°C or 
below. In other words, HFB are inhibited or unable to produce histamine at this 
temperature (Taylor & Woychik 1982). Kalyani and Bai (1965) observed that histamine 
production was slowed at 10*^ 0 and nearly terminated at 5**C due to the inhibition o f 
HFB. Edmunds and Eitenmiller (1975) concluded thai psychrophilic microoganisms did 
not readily decarboxylate free histidine. 
Cooking or processing o f a spoiled fish w i l l further alter the relationship between 
bacterial numbers and histamine production by reducing or removing the microbial 
population without affecting histamine content significantly. Fletcher, Summers, 
Winchester and Wonge (1995) reported that, when whole fresh kahawai (Arripis tnittd) 
was stored under a variety o f temperature regimes, elevated levels o f histamine (defined 
as 50 mg/kg) occurred only when aerobic plate counts (ARC) at 20°C or 35**C exceeded 
10^ cfu/g. There was only one sample with elevated histamine where the APC was < I 0 ' 
cfu/g. 
Ben-Gigirey, Baptista De Sousa, Vil la and Velazquez (1998) investigated the changes 
in biogenic amines, and numbers of bacteria and were reported to have decarboxylase 
activity in albacore (white tuna) muscle during frozen storage. The initial average levels 
o f all the amines, except for spermidine, were <0,8 mg/lOOg. Putrescine decreased 
during storage after 6 months, but increased to average concentrations o f 5.9 mg/lOOg 
(815% o f the initial level) and 6.8 mg/lOOg (942% of the initial level) in the white 
muscle o f albacore after 9 months o f frozen storage at - I8°C or -25°C respectively. 
Histamine decreased after 3 months storage, but at -18*'C it increased to a final 
concentration o f 0.48 mg/lOOg (103% of the initial level) after 9 months o f storage. 
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This rise did not occur in samples stored at -25''C. Cadaverine contents tripled or 
doubled after 3 months o f storage at - \°C or -25**C respectively. Thereafter, cadaverine 
levels began to decrease. After 9 months storage, cadaverine contents were at -25°C 
(0.26 mg/lOOg, 86% of initial level) than at - I8°C (0.17 mg/lOOg, 56% of initial level). 
Spermine contents increased as frozen storage progressed, and reached concentrations 
o f 0.95 mg/lOOg (120% o f the initial level) and 1.0 mg/lOOg (129% o f initial level) after 
9 months at -18°C and -25*^ C respectively. By contrast, spermidine contents persisted in 
the 11-12.8 mg/lOOg initial range during the first 6 months o f frozen storage, and after 9 
months the final concentrations o f this amine where significantly lower. These results 
suggest that good handling practices are mandatory during thawing o f fish before 
canning, since the absence of certain bacteria potentially involved in spoilage due to 
amines is not guaranteed, even after 9 months storage at -25^C as the levels o f some 
biogenic amines may increase. 
Hot smoking practically sterilises the product and denatures enzymes, thus imparting 
some degree o f preservation, but does not destroy histamine already formed as shown in 
Figure 11 (Poulter 1988). Bremner, Osborne, Kemp, Van Veghel and Fletcher (1998) 
carried out thermal death trials using Hafia alvei strain isolated from a portion o f hot-
smoked kahawai with histamine level o f 166 mg/lOOg. Results o f the trial carried out in 
0 .1% peptone suspension and in kahawai at 54, 55, 56, 57 and 58**C indicate that hot 
smoking has the potential to eliminate Hafia alvei from seafood products. Taylor and 
Speckhard (1983) observed that potassium sorbate at a concentration o f 0.5% inhibited 
growth and histamine production o f the bacteria in the same medium at both lO'^ C for 
up to 216 hand 32°C for up to 120 h. 
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bmform auCocUving l^VI a f t« r autoclaving 
Biogenic amine 
Figure 11 : Effect of heating on mackerel spiked with biogenic amines before 
autoclaving. 
Source: Luten, Bouquet, Seuren, Burggraaf, Riekwel-Booy, Durand, Etienne, Gouyou, 
Landrein, Ritchie, Leclerq & Guinet (1992) 
3.5 Financial implications and the role of safel> and ( |ual i l \ s\stems 
According to recent market surveys, the world fish trade is over $80 bil l ion a year (FAO 
2002b). Seventy percent o f the world's catch o f fish and fishery products is consumed 
as food. Fish and shellfish products represent 15.6% of animal protein supply and 5.6% 
o f total protein supply on a woridwide basis. The emerging worid trading system is 
committed to transparent rules relating to food safety and quality based on the principle 
o f equivalence and also based on a scientific approach. This is particularly important for 
fish and fishery products, which today are more internationally traded than any other 
food product (FAO 2005a). The last decades have witnessed major developments in the 
field o f fish safety and quality with significant impact on international fish trade 
(Ababouch, Gandini & Ryder 2005). Globalization o f fish trade, coupled with 
technological developments in fish handling, preservation and distribution tied with the 
increasing awareness and demand o f consumers for safe fish o f high quality have 
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contributed significantly to these developments. Ensuring fish quality, nutritional 
adequacy, and safety has become more complicated as it stretches from producers to 
consumers and is international in scope. The global trade in fish and fish products 
requires major intemational, national and private sector efforts in the implementation o f 
scientifically based risk assessment methods. The mandatory application o f HACCP 
based systems as a logical extension o f scientifically based quality management 
programme in the food industry is part o f a common global approach for maximising 
the quality and safety o f all food products FAO (1999). 
3.6 Methods for evaluation of fish freshness 
it has frequently been stated that no single method is generally reliable for the 
assessment o f fish freshness and quality. A range o f methods have been proposed for 
evaluation o f freshness (Figure 12). There are two main methods for assessing fish 
freshness and quality, namely sensory and non-sensory. To these, the systematic 
approach to HACCP can be added (Alasalvar, Garthwaite & Oksuz 2002). Some of the 
sensory and non-sensory methods are discussed. 
3.6.1 Sensory methods 
Sensory evaluation can be divided into three groups: discriminative tests, which 
indicate whether there is a difference between samples; descriptive tests; and affective 
tests. Discriminative and descriptive tests are objective analytical tests in which a 
trained panel is used. Affective tests are subjective consumer tests that are based on a 
measure o f preference or acceptance. The choice o f method depends on the purpose o f 
the application o f the sensory evaluation and whether it is used in product development, 
quality control, consumer studies or research. 
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Fish Freshness/Quality Assessment 
Objective (Non-Sensory) Methods Subjective (Sensory) Methods 
Systematic Methods 
Hazard Analysis Critical Control Point (HACCP) 
Sensory Scoring and Grading 
Terry Sensory Scheme 
Tasmanian Food Research Unit (TRFU) 
Scheme or 
Quality Index Method (QIM) 
European Union (EU) Grading Scheme 
Flavour Profile Analysis (FPA) 
Chemical/Biochemical 
ATP breakdown compounds 
K and related values 
TMA, DMA, TVB-N, TBA and Formaldehyde 
Ammonia 
Volatiles 
Electronic Noses 
Biogenic Amines 
Physical 
Texture by Tcxturomctcr 
Torrymeter, Fishtcsicr VI 
RT-Frcshness Grade, Colour 
Near Infra-Red (NIR) Spectroscopy 
UV-VisibIc Spectroscopy 
Electrochemical Impedance Spectroscopy 
Microscopic 
Time-Temperature Indicators (TTIs) 
Microbiological 
Total Viable Count (TVC) 
Specific Spoilage Organism (SSO) 
Predictive Food Microbiology (PFM) 
Polymerase Chain Reaction (PGR) 
Oligonucleotide Probes 
Antibody Techniques 
Bacterial Sensors 
Figure 12 : Methods of fish freshess and quality assessment 
Source; (Alasalvar et al. 2002) 
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In Europe, the most commonly used method for the quality assessment o f raw fish in 
the inspection service and in the fishing industry is the EU scheme EC (1996). This 
scheme does not take into account differences between fish species because only 
general parameters are used. Alternative scaling methods, such as the quality index 
method (QIM) have been suggested by Bremner (1985) and EC (1996) where the 
descriptions o f the individual grades are precise, objective, independent and primary 
rather than a cluster o f terms. The Q I M is based on the significant sensory parameters 
for raw fish. The scores for all the characteristics are added to give an overall sensory 
score, which can be used to predict storage shelf life. 
Changes in sensory attributes o f raw fish (whole un-gutted) during storage in ice were 
recorded by using the descriptions of EC freshness grades for fishery products as shown 
in Table 8 (Papadopoulos, Chouliara, Badeka, Savvaidis & Kontominas 2003). It can be 
seen from Table 8 that excellent and very good grades (grades E and A) were scored 
during the first 7 days. Moderate grades (grade B) were obtained between days 9 and 13 
o f storage. Unfit for sale raw fish samples (grade C) were obtained after day 16 o f 
storage for the whole un-gulted fish. Similar grades have been reported for whole sea 
bass stored in ice, where un-gutted sea bass was unfit on day 15 o f storage based on EC 
freshness grade assessment o f (Kyrana & Lougovois 2002). 
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Table 8: Descriptive temis related to EC freshness grades for whole un-gulted sea bass (raw) stored in ice. 
Days Skin Eyes Gills and internal Gills (appearance) Outer slime E U fish 
in ice odours freshness 
grade 
1 Bright; metallic silver gray Translucent comea; Seaweedy; shellfish Glossy; bright Glossy; E 
sheen, iridescent; well convex lens; black odour; iodine pink/red; transparent thin;transparent 
differentiated colours bright pupil 
3 Bright; metallic silver gray Translucent cornea; Seaweedy; shellfish Glossy; bright Glossy; E 
sheen, iridescent; well convex lens; black odour; iodine pink/red; transparent thin;transparent 
differentiated colours bright pupil 
5 Bright; metallic silver gray Translucent comea; Seaweedy; shellfish Glossy; bright Glossy; E 
sheen, iridescent; well convex lens; black odour; iodine pink/red; transparent thin;transparent 
differentiated colours bright pupil 
7 Loss of brilliance o f colour; Slight Hattening of Weak seaweedy and Loss o f gloss and Aqueous; A 
slight bleaching plane, loss of brilliance less sharp shellfish 
odours 
brightness transparent 
9 Dull with some bleaching; Plane or concave; slight Slightly musty; milk Slight loss of colour; Opaque; slight B 
some loss of scales opacity o f comea clear mucus milky 
11 Dull with some bleaching; Plane or concave; slight Slightly musty; milk Slight loss of colour; Opaque; slight B 
some loss o f scales opacity o f comea clear mucus milky 
13 Slightly slimy; scaly Slight opacity; and 
reddening o f comea 
Musty; lactic; slightly 
sour 
Bleached with 
discolouration, 
cloudiness of mucus 
Milky B 
16 Loss o f differentiation; Opaque red cornea; Muddy; putrid; faecal; Brown or bleached Yellowish- C 
fading o f colours; grayish concave to sunken; gray amines mucus; gray and gray; clotted 
pigmentation pupil clotted 
Source : Papadopoulos et al (2003) 
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3.6.2 Microbial methods 
The total numbers of cullurable microorganisms, named total viable count (TVC) or 
aerobic plate count (APC) have been used in mandatory food standards in some 
European Countries (EC 1991). TVCs are used widely in microbiological specifications 
as part o f purchase agreements but only a small fraction o f the microorganisms present 
on newly processed seafood is actually important for product spoilage (Huss & 
Embarek 1995). While, APC or T V C of microorganisms on food products such as fish 
may reflect handling history, state o f decomposition, or degree o f freshness; they may in 
some instances reflect on the sanitary quality o f foods or serve as a general indicator o f 
hygiene. T V C have been found to be very poor indicators o f both quality and remaining 
shelf life o f chilled fish (Hansen, Rontved & Huss 1998). The numbers o f spoilage 
organisms as a proportion o f total bacterial population changes as spoilage proceeds 
(Huss et al. 1997). A count o f specific organisms involved in fish spoilage could be 
useful in assessing the degree o f spoilage and possibly predict the remaining shelf life 
(Jorgensen & Gibson 1988). In the EU-project on "Evaluation o f fish freshness", four 
different SSOs i.e. Shewanellaputrefaciens, Photobacterium phosphoreum, Brochothrix 
thermosphacta and Lactic acid bacteria were shown to correlate closely (0.90 to <0.99) 
with remaining shelf life and they always correlated belter than logarithm numbers o f 
T V C (Huss 2003). Microbiological measurements can be used to evaluate the remaining 
shelf l ife o f fisheries products and when such measurements are needed, the numbers o f 
SSOs, whenever known, should be used to supplement T V C measurements. Table 9 
shows examples o f SSOs responsible for spoilage o f different seafoods and suggested 
methods for enumeration o f these microorganisms. 
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Table 9 : Example of specific spoilage organisms (SSO) in different seafoods and methods used for their enumeration. 
Product Typical SSO Enumeration method 
Fresh chilled fish stored in air 
Fresh chilled fish stored in vacuum or MAP 
Fresh fish stored at > 10-15^C in air 
Shewanella putrefaciens 
Pseudomonas spp? 
Photobactehum phosphoreum' 
Lactic acid bacteria^ 
Brochoihrix thermosphacta^ 
Vibrionaceae; 
Enterobacteriaceae 
Cooked and brined MAP shrimps and possibly Enterococcusfaecalis 
several other packed lightly preserved seafoods at 
I5-25**C. 
Iron Agar Lyngby (20-25°C, 3d)' 
Cetrimide-Fusidin-Cephaloridine (CFC) agar 
(25'C, 3d)' 
Malthus conductance method (15°C, 10-50h) 
Nitrite-Actidion-Polymyxin (NAP)agar with pH 
6.7 (25"C, 3d)^ 
Streptomycin sulphate Thallous Acetate 
Actidione (STAA) agar (25°C, 2-3d)'* 
Trypton Soy Agar ( I S A ) with overlay of Violet 
Red Bile Glucose (VRBG) agar (30"C, 48h)^ 
Slantez and Hartley agar (35/44°C, 48h)'* 
'Typical o f marine, temperate-water fish; ^Typical o f fresh and fish from warmer waters; ¥ o u r plating; and '^ Spread plating. 
Source: Huss(1995) 
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3.6.3 Chemical methods 
The chemical composition is an important aspect o f fish quality, and it influences both 
the keeping quality and the technological characteristics o f the fish. The most 
commonly used chemical methods for assessing fish quality are the estimation o f 
volatile compounds such as trimethylamine or T M A , dimethylamine or D M A and 
ammonia. A l l these are products o f microbial degradation and are collectively known as 
T V B - N . Hence, T V B - N levels are a potential indicator o f fish spoilage. The standard 
EU method for determination o f T V B - N levels in tissue samples consist of extraction o f 
volatile bases by perchloric acid solution followed by steam distillation o f the extract 
which is then collected in boric acid and titrated against standard HCL EC (1995b). 
Although accurate when performed by experienced analysts, the method is nonetheless 
destructive and time consuming. Recent methods include the development o f a T M A 
vapour probe that was consistent with T V B - N levels, gas chromatography methods and 
various sensory measurements (Baixas-Nogueras, Bover-Cid, Vidal-Carou & Veciana-
Nogues 2001). 
3.6.4 Physical methods 
Among the physical methods used in assessing fish freshness are measurements o f 
texture and colour. Methods based on puncturing, compressing and shearing have been 
used to measure textural properties o f fish muscle, often involving expensive 
instrumentation and destructive sampling (Careche, Tryggvadottir, Herrero, Lagel & 
Petermann 2003). 
Colour is an important indicator o f freshness quality that is greatly influencing 
consumers' decision to purchase a product. Tristimulus colorimeters using the Hunter L, 
a, b system or the CIE L * a* b* system are frequently utilised to assess flesh and skin 
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colour of the fish (Lougovois, Kyranas & Kyrana 2003). In these systems, L or (L* ) 
describes the lightness on a 0-100 scale from black to white, while a or (a*) and b or 
(b*) indicate red-greeness and yellow-blueness o f the sample respectively (Schubring 
2003). Tristimulus colorimetry has been used successfully to measure the colour o f raw 
minces, salmonid fish (Casas, Martinez, Guillen, Pin & Salmeron 2006) tuna and white 
fish (Schubring 2003). Factors such as cost o f instruments, time required measuring 
large numbers o f samples and variability can easily l imit the usefulness of the procedure 
(Botta 1995). 
3.7 Implementation o f H A C C P 
Implementation o f health and safety standards and HACCP processes requires legal and 
institutional measures on the one hand, and investments for development o f processes 
and management system improvements on the other hand. The former measures involve 
public sector action and the latter measures are primarily the task o f the private sector 
(Henson et al. 2000). In terms o f public policy actions, many developing countries have 
promulgated, or are in the process o f making new sanitary rules and regulations based 
on Codex Alimentarius Commission (CODEX) recommendations and HACCP norms to 
ensure fish safety and quality (Hooker 1999). Many such countries including The 
Gambia have set up responsible CA for the inspection o f food products. This is a 
requirement that must be fulf i l led under the European Community (EC) regulation 
852/2004 for countries exporting fishery products to the EU. The CA are responsible for 
ensuring the implementation o f quality control programmes and the certification o f fish 
processing establishments and products for both domestic and export. As for the private 
sector, structural improvement o f production and processing establishments to enhance 
the flow of products and processes is required as well as the application of food quality 
and safety management systems (Hooker 1999). 
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3.7.1 Hazard analysis and critical control point ( H A C C P ) as applied to Gambian 
fish industry 
HACCP is a system for identifying and monitoring specific hazards along a food 
production and processing chain. These hazards could be biological, chemical and 
physical. Hazard analysis serves as the basis for establishing critical control points 
(CCPs) that identify points in the food process which must be controlled in order to 
ensure the safety o f the food and establish critical limits in each CCP (FAO (2001). The 
application of HACCP is a sequence of preliminary tasks and the HACCP plan can be 
developed according to the (FAO 2001). In ensuring seafood safety during postharvest 
handling and processing, The Gambian fish industry follows a systematic approach in 
implementing the preliminary tasks prior to implementation o f the seven principles 
(Figure 12). 
The preliminary tasks in the HACCP comprise: 
- Scope o f the HACCP study: The aim is to assure food safety during harvest and 
post-harvest o f food products 
Assemble the HACCP team: The team must be multidisciplinary and include 
personnel with the necessary expertise, knowledge and experience, relating to 
the product and process being studied 
Describe the product: This process includes all the applicable information on the 
product, which wi l l help in the hazard analysis and establishing CCPs 
Identify and describe the intended use and consumers o f the food 
Develop a flow diagram that describes the process. It must be a clear, simple 
description o f all steps involved in the process from harvest until post-harvest 
- Verify the flow diagram: the HACCP team checks the operation to verify the 
accuracy o f the flow diagrams 
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After these preliminary tasks, seven principles o f HACCP are applied as shown in 
Figure 12 (FAO 2001). Incorporating the HACCP concept in the integrated fish safety 
and quality management wi l l help to prevent post-harvest and post-production losses as 
well as the risk o f exposure to seafood related illnesses. 
Conduct a hazard analysis 
Determine the critical control points (CCPs) 
Establish critical limits 
Establish a monitoring system 
Establish a procedure for corrective action 
Establish a procedure for verification 
Establish documentation concerning all procedures and 
records appropriate to these principles and their application 
Figure 13 : Principles o f the Hazard Analysis and Critical Control Point (HACCP) 
system. 
Source: FAO (2001) 
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3.8 Prediction of shelf life 
Predictive microbiology is used to asses the risks of food processing, distribution, 
storage and food handling. It is also used to implement control measures in order to 
protect the microbiological quality o f foods that are important for both safety and 
product quality. Predictive microbiology uses mathematical models to define the growth 
kinetics o f food microorganisms and predict microbial behaviour over a range of 
conditions. Microbial load in a food source depends upon the initial level o f bacterial 
contamination as well as environmental conditions (temperature, pH, water activity, 
preservatives, antimicrobials and the composition o f the atmosphere) which influence 
growth, inaclivation and survival in the food. Therefore, models w i l l have to be 
developed for bacterial growth, inactivation and survival for each scenario o f bacterial 
behaviour in food. 
The production and transportation o f seafood and fish raw material are increasing 
globally and so is the need to predict effects o f storage and distribution conditions on 
product shelf life. Empirical models for relative rates of seafood spoilage, and 
microbial models for growth o f specific spoilage organisms (SSOs) can be used to 
predict shelf life at constant and fluctuating storage temperatures as given in Table 10. 
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Table 10 : Shelf life o f packed and unpacked seafoods at different temperatures. 
Product Type Storage temperature (°C) Packaging Shelf life (Days) 
(a) Fresh seafood 
White-fleshed, average size and caught in 0 Air 1 2 - 18 
temperate and cold waters 
Cod -2 Air 26 
Cod -2.5 M A P ' 36 
Caught in wann waters 0 Air 18 -35 
Tilapia 4 MAP >25 
Large halibut, tuna and similar fish 0 Air 2 1 - 2 2 
Salmon 0 VP*' 19 
Shell fish, temperate and cold waters 0 Air 6-10 
Pink shrimps 0 Air 3 - 4 
Shell fish, warm waters 0 Air 8 - 1 2 
(b) Lightly preserved 
Cold-smoked salmon 5 VP 2 0 - 5 6 
Hot smoked cod (lightly salted) 0.5 Air 2 4 - 2 6 
12 Air 1 7 - 18 
Hot smoked mackerel (lightly salted) 0 MAP 8 
10 MAP 5 - 6 
Brined roe (lump fish) 5 VP 7 5 - 9 0 
Cooked and brined shrimps 0 MAP 230->308 
25 MAP 4 - 6 
(c) Sous vide cooked 
Cod 0 VP 28 
Cod fillets 3 VP 1 5 - 2 1 
Mussels 4 VP >21 
Salmon 4 VP 1 5 - 2 1 
"Modified atmosphere packed ; Vacuum packed 
Source: Dalgaard (1999) 
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3.9 Conclusion 
To reduce spoilage o f fish and fish products, it is important to make mandatory 
application o f an HACCP programme, incorporating Good hygiene practices (GHPs) 
and Good manufacturing practices (GMPs). Implementation o f such a programme 
would ensure a huge reduction in post-harvest and post- production losses in fish and 
fishery products and improve product safety and quality. 
Fresh fish are extremely perishable food commodities, undergoing rapid quality 
deterioration from the point o f harvest through storage, processing and distribution, 
until the point o f consumption. The spoilage phenomena result from changes brought 
about by biological reactions and the metabolic activities o f bacteria and w i l l take place 
no matter how the fish are handled. It can be concluded that spoilage o f marine and 
fresh water fish whether temperate or tropical is caused by bacteria, or l ipid oxidation 
for fatty fish and that autolytic changes play only a minor role in fish spoilage. 
Controlling the temperature of newly caught fish is the primary means for maintaining a 
high degree o f freshness, such that subsequent processing is worthwhile. Inadequate and 
poor handling practices at harvest and on shore invariably lead to deterioration o f the 
fish and therefore affect quality and storage life at processing and retail levels before 
reaching the consumer. 
In order to meet the ever growing market demand for quality chilled- stored fresh fish, 
as well as to comply with commercial and regulatory agency specifications, fish 
producers and processors should be able to determine freshness specification o f the 
starting raw material consistently and accurately, ensuring that the product wi l l not 
become stale when distributed and displayed for sale. However, most o f the proposed 
methods o f assessing fish freshness quality in industry have proved to be unsuitable for 
this purpose. Sensory assessment of fi-esh fish is the underlying basis for establishing 
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the state o f the fish; however, specially trained expert assessors are required for 
objective sensory evaluations and this can be both expensive and inconvenient. 
Microbiological and chemical methods wi l l continue to be applied since fish safety and 
quality issues are dynamic in nature and also for product development. These methods 
may not be practical for routine use, as they require expensive laboratory equipment and 
trained staff, are destructive, and can be labour intensive and time consuming. Physical 
methods, involving easy-to-use hand-held devices (e.g. colourimeter and texture 
analyser) can be very successful in monitoring quality changes o f fresh fish, but are not 
applicable to all commercial species; at present, there exists no entirely satisfactory 
physical method to assess fish freshness. 
The quality index method appears to provide a reliable sensory tool for quality 
management purposes in the fish chain. This species-specific freshness quality grading 
system can be used to predict days in ice after harvest and to calculate the maximum 
allowable number of index points in order to f u l f i l given freshness criteria when 
selecting fish for a certain type o f product. The method is fast, non-destructive and 
requires less training. However, the development o f microbial methods for evaluation o f 
fish freshness together with mathematical models expressing the effects o f storage 
conditions on the growth o f relevant spoilage microorganisms has to be pursued. 
Similarly, rapid assessment o f volatile compounds in fish to determine freshness is o f 
increasing interest. 
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Chapter 4 
4.0 The effect of iced storage on colour and texture of mackerel (Scomber 
scombrus) fish 
4.1 Introduction 
Small pelagic fatty fish species can constitute food products o f great economic 
importance in many temperate and tropical countries. One such abundant species at both 
North Atlantic coasts is the Atlantic mackerel {Scomber scombnts) belonging to the 
Scombridae family (FAO 2004). The influences o f colour and texture on the freshness 
greatly determine the eating acceptability o f the product. 
Colour and texture are part o f the attributes that are fundamental to the quality and 
freshness o f fish and are very important to the fish producing industry, distributors, 
retailers, regulatory and legislative authorities and to food consumers (Nesvadba 2003) . 
The state o f freshness can be described by a variety o f definite properties o f the fish 
which can be assessed by various indicators (Bremner & Sakaguchi 2000). These 
properties, and thus the freshness and quality o f the end product, are dependent on 
different biological and processing factors that influence the degree o f various changes 
occurring post mortem in fish (Huss 1995). Rapid, inexpensive and accurate 
instrumental and sensory methods have already been developed. An estimate o f 
freshness can be obtained by defining criteria related to changes in sensory attributes 
like appearance, odour, colour and texture, that can be measured and quantified by 
sensory or instrumental methods (Olafsdottir, Nesvadba, Di Natale, Careche, 
Oehlenschlager, Tryggvadottir, Schubring, Kroeger, Heia, Esaiassen, Macagnano & 
Jorgensen 2004), 
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According to Olafsdottir et al.{2004), the texture o f fish muscle depends on numerous 
intrinsic biological factors which are related to the density o f the muscle fibres, as fat 
and collagen content of the fish. When fish is dead, it passes from rigor mortis to 
dissolution o f rigor mortis, autolysis and finally bacterial spoilage processes w i l l take 
place and the fish muscle becomes softer and less elastic (Olafsdottir et ai 2004). Loss 
o f freshness is caused by endogenous biochemical changes in muscle through natural 
enzyme degradation (Pacheco-Aguilar, Lugo-Sanchez & Robles-Burgueno 2000). 
The changes in fish lipids are directly and indirectly responsible for the quality 
deterioration o f fish and involve lipolysis, lipid oxidation and interaction o f the products 
o f these processes with nonlipid components such as protein (Pacheco-Aguilar et ai 
2000). Lipid oxidation in fish concerns basically fatty fishes such as sardinella and 
mackerel. These fish contain more free lipids and more dark muscles in which oxidation 
proceeds several times faster than in white muscles. The oxidation o f the tissue lipids 
has a very large effect on the quality o f fatty fish (Sikorski & Kolakowska 1990). 
The content and distribution o f fat, colour, texture and appearance are all important 
quality characteristics o f fish (Morkore, Vallet, Cardinal, Gomez-Guillen, Montero & 
Torrissen 2001). The firmness o f the raw muscle is a critical parameter that determines 
the acceptability o f the seafood products (Veland & Torrissen 1999). This property 
depends on the connective tissue, consisting o f mainly collagen and myofibrils, 
consisting o f myosin and actin (Erdogdu & Balaban 2000). Soft flesh leads to reduced 
acceptability by the consumers (Ando 1999). 
Although some information is available on colour measurements o f flsh stored in ice, 
there has been no previous research and little is known about colourimetric changes in 
the eyes, gills and skin appearance of mackerel fish (Schubring 2003). Sensory 
assessment on appearance is widely applied with colour included, the individual 
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contribution o f each colour attribute during the shelf l ife storage is not generally 
considered. The aim o f this investigation was to perform colour and texture 
measurements on whole, un-gutted mackerel stored in ice and to evaluate the results for 
their suitability to monitor and characterise changes in the freshness or the quality o f 
fish. 
4.2 Materials and methods 
4.2.1 Fish samples preparation 
Fresh mackerel fish {Scomber scombrus) used in these experiments were caught by 
small hand-line fishing boats o f f the coast o f Plymouth (England) in July 2007. The fish 
were un-gutted and iced at sea prior to landing. On arrival, the fish were transferred into 
two polysterene boxes, re-iced and transported to the Food and Nutrition laboratory o f 
the University o f Plymouth within the same day. Ten (10) individual fish wi th average 
length o f 30cm and mean weight of 180 grams were individually packed in plastic bags 
and numbered for identification, preserved on ice and stored in a chilled room 
maintained between 0-2°C over 17 days. On every sampling day, the melted ice was 
drained and re-iced. Readings were taken on the same fish over storage time. 
4.2.2 Texture measurements 
The textural properties were measured by using a texture analyser T A . X T 2 (stable 
micro system, Surrey, England) with 5 Kg load cell and computer software o f Texture 
Exceed, version 2.1. A flat- ended cylindrical probe o f stainless steel o f 25mm diameter 
was used to simulate the human finger for the compression/penetration study (Fig. 14). 
A penetration depth o f 2mm into the fish was selected as the maximum force which 
could be applied without breaking the muscle fibres and affecting the muscle structure 
by erupting it and leaving a mark in the fish (Sigurgisladottir, Hafsteinsson, Jonsson, 
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Lie, Thomassen & Torrissen 1999). This method can be considered as non-destructive 
and it imitates the common "finger test" used in industry for evaluation o f the texture o f 
whole fish. The textural properties o f the fish were measured with the aid o f a 25 mm 
flat-ended cylinder probe at three different measuring locations identified as A , B and C 
(Fig. 15). Whole fish samples were individually placed under the probe that moved 
downwards to a point where the distance/force o f 2 mm at a constant speed o f 1.0 mm/s. 
Figure 14 Measurement of the Figure 15 : Tcxtural measurements were 
instrumental texture profile o f whole un- performed on locations (A , B & C) marked 
gutted Mackerel fish using the flat-ended on mackerel skin, 
cylinder with diameter o f 25 mm 
4.2.3 Colour measurements 
The colour measurements on fish samples in the storage trial were carried out with a 
spectral colourimeter (Konica-Minolta Spectrophotometer CM-2600d, Konica, Mil ton 
Keynes) with Spectral NX (Model). A 10° standard observers and D65 as illuminant 
with 8 mm measuring aperture lens were used (Schubring 2003). Colour was measured 
on the same 10 fish by pressing the eye, gills and skin for each treatment using the 
Commission Internationale de L'Eclairage (CIELab) system. In the colour space, L* 
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indicates lightness on a 0 to 100 scale from black to white; a* and b* are the 
chromaticity coordinates. In the chromaticity diagram, a* and b* indicate colour 
directions: +a* is the red direction, -a* is the green direction, +b* is the yellow direction 
and - b * is the blue direction (Minolta Co. Ltd., 1998). 
The method for colour measurement, which excludes the specular reflectance, is called 
SCE (Specular Component Excluded). I f the specular reflectance is included in the 
colour measurement, by completing the sphere with a specular plug, it is called SCI 
(Specular Component Included). The SCE method is effective to verify that colour 
matches the colour standards by visual inspection on the production line. O n the other 
hand, the SCI method is effective when colour elements such as colour chart 
measurements (CCM) are adjusted at the production line (Minolta Co. Ltd . 1998). In 
this experiment, the colourimeter measured both the SCE and SCI colour values 
simultaneously. On every sampling day, before colour measurements were taken, the 8 
mm aperture lens o f the colourimeter was calibrated against a white background. 
4.2.4 Statistical analysis 
The results were statistically evaluated with M I N I T A B version 15 (Minitab Ltd, 
Coventry) included one-way A N O V A , Pearson correlations co-efficient and regression 
analysis. 
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4 3 Results 
4.3.1 The lightness ( L * ) of mackerel {Scomber scombnts) fish during iced storage 
4.3.1.1 The of mackerel eyes during storage in ice 
Colour changes on whole, un-gutted mackerel fish were investigated using the specular 
component included (SCI) and specular component excluded (SCE) values during icing 
storage in a 17 day period. Table 11 shows lightness (L*) measured from the eyes o f 
mackerel fish stored in ice with the co-efficient o f variation and median. 
Table 11 : The effect o f icing on lightness (L* ) o f mackerel eyes (arithmetic mean o f 10 
measurements ±standard error with co-efficient o f variation and median) 
TimrCPnyr) Lightness ( L * ) C V % Median 
S C I S C E S C I S C E S C I S C E 
1 28.49±4.32 26.62±4.0I 47.95 47.26 30.03 28.68 
3 41.45±3.23 38. I4±3.54 24.61 29.33 39.32 35.88 
5 39.24±2.34 35.99±2.24 18.85 19.66 39.21 35.09 
8 36.20±l .87 3I .30±1.57 16.29 15.88 37.81 32.20 
10 36.07±2.06 32.03±1.88 18.08 18.55 37.55 34.23 
12 36.75±1.35 35.34±1.97 11.64 17.62 37.08 34.87 
15 35.54±1.58 30.87±1.81 14.07 18.59 36.46 32.99 
17 33.53±1.52 30 .57±l .33 14.38 13.71 34.61 30.32 
SCI: LSD5%=2.2 I ; LSD 1%=2.93; SCE; LSD5%=2.19; LSD I % = 2,90 
An initial increase in L * of the eyes from day 1 to day 3 for both SCI (28.49-41.45) and 
SCE (26.62-38.14) values was observed. The SCI values were higher throughout the 
whole experiment (Table I I ) . L* declined on increased days o f icing and i t plateaued 
from day 8. In order to compare mean lightness over the days of sampling, one-way 
analysis o f variance ( A N O V A ) and the F-test was performed and the results showed 
highly significant difference between the means (P<0.0l) for both the SCI and SCE 
measurement values. To point to the position o f differences between the means, the 
LSD at 5% and 1% levels were found to be 2.21 and 2.93 for the SCI and 2.19 and 2.90 
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for the SCE values respectively (Table 11). Using these values, there was a highly 
significant difference (P<0.01) between L* at day I and all other sampling days. 
The co-efficient o f variation (CV % ) which allows comparison o f the within variability 
o f each group between the different icing periods was also presented in Table I I . 
Though there was a continuous decrease in the C V % from day 1 to day 8 but the most 
dramatic decrease was from day I to day 3. There was an increase in the C V % after day 
8 but it was not significant. This means that the within group variability decreased with 
icing as nearly all fish reached the same stage o f L * o f the eye. There was a highly 
significant difference (P<0.01) between L*of the eye at day 1 and all other sampling 
days. 
4.3.1.2 {Measures of association 
The Pearson correlation co-efficient (r) was calculated to express the degree o f 
relationship between L* and different days o f sampling (Table 12). It should be pointed 
that the correlation does not indicate or needs a cause and effect but reflects the size o f 
the relationship. The Pearson correlation co-efficient (r) started to be significant but 
negative for day 3 and day 8 (r= -0.69; P<0.05). After that the only large and positive 
correlations were between days 8-12; 8-15; 10-12; 10-15; and 12-15 (p= 0.63; 0.86; 0.72 
and 0.86 respectively). Such results might indicate that the depression in L * at day 8 
was reflected on the depression at days 10, 12 and 15. The overall picture o f the 
correlation showed that the decrease in L* started at day 8 and proceeded onwards until 
day 15 while the happenings at day 17 added no further change. This o f course is clear 
from the mean values in Table 11. After day 8 the depression in L* was trivial. 
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Table 12 : Pearson correlation co-efficient (r) on the degree o f relationship between 
lightness o f mackerel eyes and storage time (days) 
Time Lightness (L* ) 
(Days) 3 5 8 10 12 15 
5 0.09 
(0.80) 
8 -0.693 
(0.026)* 
0.175 
(0.629) 
10 0.060 
(0.870) 
0.516 
(0.126) 
0.523 
(0.113) 
12 -0.087 0.443 0.636 0.749 
(0.811) (0.200) (0.048)* (0.013)** 
15 -0.412 0.316 0.862 0.717 0.860 
(0.237) (0.373) (0.001)*** (0.020)* (0.001)*** 
17 -0.226 0.487 0.396 0.256 0.420 0.517 
(0.530) (0.154) (0.258) (0.475) (0.226) (0.126) 
( ) = P value * P<0.05 ** P<0.01 •**P<0.00l 
In order to quantify the same relationship between days of ice storage and mean L*, the 
regression co-efficient (b) for L* over days o f storage was calculated. Considering that 
the main procession in lightness started at day 8, the b o f lightness at day 10 o f the same 
individual fish in the group on day 8 was found to be 0.59 per day o f storage in ice with 
a regression equation: 
y = 14.8 + 0 . 5 9 X 
Where y was the predicted value for L * at day 10; 14.8 was the intercept, 0.59 was the 
regression co-efficient and X was any defined day. 
The regression co-efficient was not significant indicating no further change in L* 
beUveen the two storage times. Though the regression co-efficient (b) o f day 12 on day 
8 was positive and significant P<0.05, it is trivial and would not constitute a real 
contradiction to the overall picture o f decrease in L * over days o f storage (Fig 16). This 
equation o f course could be used for prediction o f lightness at any day o f storage in ice. 
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The regression o f mean L* on days o f icing was calculated and is presented in Figure 
16. There was a decrease o f 0.47 in L* per day increase. The regression equation which 
could be used for prediction, assuming a linear relationship, at least until day 17 taken 
in this experiment work is: y = a - bx. 
The equation of this relationship is: y = 41.6 — 0.47x. The = 83.9% showing a high 
precision o f these estimates. 
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Figure 16 : The effect o f icing storage on mackerel eyes L * expressed as regression line 
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4.3.1.3 The lightness (L* ) of mackerel gills du r ing storage in ice 
The SCI and SCE values on the L* o f mackerel gills are shown in Table 13. From the 
results, the values for SCI and SCE have increased during icing storage from day 1 to 
day 3 and after that, there was a gradual decline in L* o f the gills up to day 10 o f 
storage. There was an increase in L* on day 12 proceeded by a gradual decline up to the 
end o f storage. The increase in the L* o f the gills from day 1 to day 3 was also observed 
for the L* of the eyes. 
Table 13 : The effect o f icing on lightness (L*) o f mackerel gills (arithmetic mean of 10 
measurements ^standard error with co-efficient of variation and median) 
Time (Days) - Lightness ( L * ) CVQ/o Median 
SCI SCE SCI SCE SCI SCE 
1 22.84±2.75 20 .6I±2.32 38.02 35.54 26.18 21.34 
3 35.64±0.95 25.82±1.8I 8.46 22.15 36.04 24.45 
5 32.74±0.56 24.44±0.68 5.49 8.90 32.27 23.52 
8 32.04±0.76 22.35±0.70 7.35 9.90 32.19 21.96 
10 30.85±1.03 20.98±1.4I 10.59 21.24 31.06 22.05 
12 38.71±0.92 28 .9 I± I . 03 7.50 11.28 39.03 29.51 
15 32.08±0.79 24.99±1.48 7.82 19.05 31.61 25.66 
17 30.22±l .05 24 .53± | .47 10.94 18.58 30.27 23.79 
SCI: LSD5%=1.13; LSD 1%= 1.50; SCE: LSD 5%= 1.29; LSD1%= 1.73 
One-way A N O V A and the F-test for comparison o f L* o f the gills against storage time 
were found to be highly significant (P< 0.01) between day I and the rest o f the sampling 
days for both the SCI and SCE values. 
4.3.1.4 The lightness ( L * ) o f mackerel skin du r ing storage in ice 
A decrease in the L * of the skin from day 1 to day 5 was observed for both SCI and 
SCE values. The increase in L * values for day 8 was not significant (P>0.05) but the 
decrease in L * from day 8 to day 10 was significant and this was evident for both SCI 
and SCE values (Table 14). 
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Table 14 : The effect o f icing on mackerel skin lightness (L*) (arithmetic mean o f 10 
measurements ± standard error) with co-efficient o f variation and the median values) 
Lightness ( L * ) C V % Median 
1 i i i i c 
SCI SCE SCI SCE SCI SCE 
1 72.87±2.72 70.52±2.50 11.80 11.23 74.15 71.89 
3 64.41 ±4.11 61.50±3.90 20.17 20.04 65.34 63.52 
5 58.59±3.63 55.43±3.58 19.61 20.44 55.52 52.95 
8 60.42±3.2I 57.98±2.94 16.82 16.01 60.55 57.95 
10 52.I4±2.92 50.24±2.97 17.70 18.67 50.28 48.47 
12 71.58±3.08 69.02±2.98 13.59 13.66 70.10 68.05 
15 52.41±2.39 50.45±2.48 14.39 15.52 49.82 48.00 
17 48.79±2.87 47.37±2.82 18.58 18.85 45.77 44.28 
SCI: LSD 5%=2.80; LSD 1%=3.72 SCE: LSD5%= 2.73; LSD1%= 3.62 
The correlation between L* and storage time was positive and highly significant ( i= 
0.833; P< 0.01) for day 8 and day 12 for SCI value. This was also true for the SCE 
value which was positive and highly significant (r= 0.814; P< 0.01) for day 8 and day 
12. The regression o f skin L* on storage time was not significant (P>0.05). The mean 
regression o f L * was reduced by 0.05 per daily increase in icing storage for both the 
SCI and SCE values. 
4,3.2 The redness (a*) of mackerel {Scomber scombrits) f ish dur ing Iced storage 
4.3.2.1 The redness (a*) of mackerel eyes dur ing storage in ice 
A gradual increase in a* o f the eyes from day 1 (-2.27 for SCI and -2.76 for SCE) to day 
5 (2.68 for SCI and 1.60 for SCE) followed by a decrease in a* on day 8 (1.29 for SCI 
and 0.44 for SCE) as shown in Table 15. The decrease in a* value from day 5 to day 8 
was not significant (p>0.05) for the SCE value but not for the SCI a* value. However, 
there was an increase in eye a* from day 10 to day 15 when the fish was no longer fit 
for human consumption. One way A N O V A and the F-test showed no significant 
(p>0,05) difference between a* of the eyes and days o f icing storage. The C V % was 
negative for day 1 when the fish were still fresh. 
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Table 15 : The effect o f icing on redness (a*) o f mackerel eyes (arithmetic mean o f 10 
measurements ± standard error) with co-efficient o f variation and the median values) 
Redness (a*) C V % Median 
1 i i i i t \R^ayaf SCI SCE SCI SCE SCI SCE 
\ -2.27±1.36 -2.76±1.70 -188.91 -195.40 -2.50 -2.57 
3 0.68±0.92 0.09±1.I8 428.33 340.39 -0.10 -0.15 
5 2.68±1.64 1.60±1.97 192.86 289.44 1.42 0.26 
8 l .29±0.99 0.44±1.I6 244,49 316.06 0.80 -0.44 
10 4.72±0.99 3.24±l .07 66.39 104.22 4.17 2.28 
12 4 .52±I .10 3.32±1.21 76.83 115.48 4.31 3.45 
15 5 .37±l .07 4.32±1.28 62.79 94.07 5.16 3.82 
17 -0.49±0.61 -0.45±0.63 14.38 -446.07 -1.44 -0.99 
SCI: LSD5%=0.99;LSD1%=1.32 SCE: LSD5%= 1.17; LSD1%= 1.55 
The regression co-efficient for a* o f the eyes on storage days has shown a significant 
(P<0.05) increase in eye a*as can be seen in Figure 17. 
The regression equation is: y = -1 .15 -I- 0.45days. The value o f r ' = 83.8%. 
R-Sq 84.8% 
R-SqCadj) 82.2% 
8 10 
Time (Days) 
12 14 16 18 
Figure 17 : The effect o f icing storage on mackerel eyes a* expressed as a regression 
line 
4.3.2.2 The a* o f mackerel gills du r ing storage in ice 
A significant (p>0.05) decline in a* o f the gills was observed from day 1 to day 10 for 
both the SCI and SCE values (Table 16). By the end o f icing storage, a* values were at 
their lowest (2.92±0.72 for SCI and 3.86±0.82 for SCE). These results suggests that as 
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storage o f whole mackerel fish in ice progressed, a* o f the gills decreased with icing 
storage. The results further show a gradual decline in the C V % from day I to day 5. The 
most dramatic decline was from day 1 to day 3 for both the SCI and SCE values. 
Table 16 : The effect o f icing on redness (a*) o f mackerel gills (arithmetic mean o f 10 
measurements ± standard error) with co-efficient o f variation and the median values) 
Time (Days) • 
Redness (a*) C V % Median 
SCI SCE SCI SCE SCI SCE 
1 6.76±l .90 6 .46±l .60 88.89 78.56 4.80 4,87 
3 5.09±0.48 5.56±0.62 29.82 35.35 5.70 5.03 
5 7.1I±0.47 7.47±0.46 20.84 19.61 7-93 7.08 
8 5.35±0.39 5.98±0.59 22.74 31.53 6.40 5.62 
10 6.46±0.32 6.27±0.47 15.76 23.70 6.40 6.69 
12 6.9I±0.57 6.92±0.77 26.13 35.41 6.69 6.72 
15 5.95±0.46 5,03±0.73 24.59 45.95 5.66 6.24 
17 2.92±0.72 3.86±0.82 77.62 67.78 3.03 2.46 
SCI: LSD 5%=0.74; LSD l%=0.98 SCE: LSD5%= 0.74; L S D I % = 0.98 
The correlation co-efficients (r) on the degree o f gills a* with storage time for day land 
days 3, 5, 8 and 12 were all negative and insignificant (P>0.05). The only significant 
and positive correlation was day 1 and day 17 (r= 0.646; P<0.05) (Table 17). However, 
the SCI results showed a negative and significant correlation between day I and day 8 
(r= -0.693; P<0.05) and day 8 on day 17 (r= -0.660; P<0.05). A positive and highly 
significant correlation was found between day 1 and day 17 (r= 0.772; P<0.OI). 
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Table 17 : Pearson correlation co-efficient (r) on the degree o f relationship between 
mackerel gills redness (a*) and storage time (days) using SCE values. 
™. , , . Redness a* 
Time (days) ; 
8 10 12 15 
3 -0.241 
(0.502) 
5 -0.205 
(0.569) 
-0.221 
(0.539) 
8 -0.629 
(0.051) 
0.244 
(0.497) 
0.274 
(0.444) 
10 0.309 
(0.385) 
-0.454 
(0.187) 
0.599 
(0.067) 
-0.295 
(0.407) 
12 -0.483 -0.013 0.345 0.023 0.368 
(0.157) (0.971) (0.328) (0.951) (0.295) 
15 0.546 -0.112 -0.066 -0.311 -0.198 -0.369 
(0.103) (0.758) (0.856) (0.382) (0.584) (0.294) 
17 0.646 -0.116 -0.015 -0.606 0.073 -0.491 0.514 
(0.044)* (0.750) (0.966) (0.063) (0.841) (0.150) (0.129) 
( ) = Rvalue * P<0.05 *• P<0.01 ***P<0.001 
The regression o f mean a* o f the gills against storage time (days) was not significant 
(P>0.05) for both the SCI and SCE. Similarly, the regression o f days 10 and 12 on day 8 
were negative and non-significant (P>0.05). 
4.3.2.3 The redness (a*) of mackerel skin dur ing storage in ice 
The mean a* values on the appearance of mackerel skin during the entire icing storage 
remained in the negative direction o f the chromaticity diagram (Table 18). The 
consistent negative a* values indicate that mackerel skin colour was not red but rather 
remained in the green colour direction. The one-way A N O V A and F test showed that 
effect o f icing storage on mackerel skin a* was not significant (p>0.05). Also, the 
results on the correlation and regression analyses revealed the same trend o f 
insignificance between mackerel skin a* and days in ice. 
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Table 18 : The effect o f icing on mackerel skin redness (a*) (arithmetic mean of 10 
measurements ± standard error) with co-efficient o f variation and the median values) 
Time (Days) Redness (a*) C V % Median 
SCI SCE SCI SCE SCI SCE 
1 -5.40dbO.79 -5.09±0.81 -46.22 -50.41 -5.85 -5.65 
3 ^ .72±0 .39 -5.34±0.39 -26.13 -23.03 -4.77 -5.26 
5 -3.16±0.22 -4.06±0.16 -22.65 -12.56 -3.24 -4.12 
8 -3.02±0.49 -3.67±0.48 -52.02 -41.25 -2.86 -3.53 
10 -1.82±0.35 -2.97±0.32 -60.55 -33.54 -2.02 -3.04 
12 -3.19±0.46 -4.22±0.47 -46.01 -35.20 -2,91 -4.06 
15 -0.89±0.47 -2.13±0.46 -67.98 -68.26 -1.04 -2.55 
17 -2.54±0.38 -2.25±0.41 -47.86 -57.58 -2.89 -2.60 
SCI: LSD 5%=0.44; LSD 1%=0.58 SCE: LSD5%=0.42; LSD1%=0.55 
4.3.3 The yellowness (b*) o f mackerel (Scomber scombnts) fish dur ing iced 
storage 
4.3.3.1 The yellowness (b*) o f mackerel eyes dur ing storage in ice 
A decrease in the b* o f mackerel eyes for both SCI and SCE values f rom day 1 lo day 3 
(Table 19) was observed during 17 days in icing storage. The C V % which allows the 
within group variability also increased in the initial 3 days, followed by a decline up to 
day 8 for the SCI and up to day 10 for the SCE values respectively. Comparison o f 
mean b* over days o f sampling showed no significant difference for the SCI values. It 
was significant between days 1 and day 3 and days 3 and day 5 for the SCE values. 
Table 19 : The effect o f icing on mackerel eye yellowness (b*) (arithmetic mean o f 10 
measurements ± standard error) with co-efficient o f variation and the median values) 
. r .^- . , . Yellowness (b*) C V % Median 
SCI SCE SCI SCE SCI SCE 
1 10.52±0.91 8.5I±0.75 27.25 27.99 11.12 8.23 
3 2.65±1.42 4 .57±l ,52 170.18 105.03 3.47 4.71 
5 3.95±l.49 7 .19±l .59 119.32 70.12 4.28 7.60 
8 -29.7±33.2 6.38±1.24 -353.33 61.28 4.40 5.97 
10 2.42±l .29 6.99±1.27 168.67 57.65 3.93 8.05 
12 0.71±0.82 6.47±1.18 363.88 57.50 0.66 7.65 
15 -0.31 ±0.80 5.57±0.94 -824.30 53.59 -0.56 4.76 
17 5.95±1.77 4 .89± l .73 93.91 111.98 3.45 2.76 
SCI: LSD 5%= = 10.48; LSD 1%=13.90 SCE: LSD5%= 1.17; LSD1%= 1.55 
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4.3.3.2 The b* of mackerel gills du r ing storage in ice 
The SCE values for the b* o f the gills remained positive in the colour chromalicity 
direction throughout the whole 17 days o f icing storage. For the SCI values, the b* o f 
the gills were positive for only day 1 (9 .14±l .50) and day 17 (6 .42±l .06) as shown in 
Table 20. The one-way A N O V A on the b* o f the gills and days o f icing storage was not 
significantly different. Such result might indicate the unsuilability o f b* o f the gills as a 
suitable quality index. 
Table 20 : The effect o f icing on mackerel gills yellowness (b*) (arithmetic mean of 10 
measurements ± standard error) with co-efficient o f variation and the median values) 
Yellowness (b*) C V % Median 
SCI SCE SCI SCE SCI SCE 
1 9 . I4±I .50 7.58±1.34 51.81 55.80 7.92 6.60 
3 -0.48±0.80 5.32±1.19 52.77 70.52 -1.28 5.17 
5 -0.48±0.27 5.69±0.49 77.86 27.30 -0.49 5.54 
8 -0.43±0.70 7.24±1.03 59.80 44.85 -0.11 6.97 
10 -2.42±0.49 4.50±0.40 64.74 28.47 -1.91 4.16 
12 -1.40±0.48 7.01±0.68 63.53 30.79 -1.84 7.08 
15 -2.22±0.79 4.16±0.65 24.30 49.42 -2.84 3.86 
17 6.42±1.06 6.44±1.14 52.50 55.90 5.44 5.25 
SCI: LSD 5%= =0.76; LSD 1% = 1.00 SCE: LSD5%= 0.82; LSD1%= 1.08 
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4.3.3.3 The b* of mackerel skin dur ing storage in ice 
The effect of icing storage on mackerel skin b* from day 1 to day 8 was not significant 
(p>0.05). However, the decrease in b* from day 8 to day 10 was highly significant 
(p<0.001) and this was true for both SCI and SCE values (Table 21). The one-way 
A N O V A for b* over storage time was not significant (p>0.05). The within variability in 
skin b* was high from day 1 to day 3 and declined on day 5. 
Table 21 : The effect o f icing on mackerel skin yellowness (b*) (arithmetic mean o f 10 
measurements ± standard error) with co-efficient o f variation and the median values) 
Yellowness (b*) C V % Median 
SCI SCE SCI SCE SCI SCE 
1 6 .53± | .15 5.22±1.15 55.84 69.59 5.99 5.07 
3 5.81±1.79 6.75±1.63 97.18 76.20 4.76 5.92 
5 5.06±1.02 6.87±0.86 64.04 39.65 5.42 6.83 
8 6.33±1.59 7.47±1.53 79.43 64.70 6.08 6.98 
10 2.16±1.18 4 .14±1.I2 64.74 85.82 1.93 4.05 
12 7.31±1.98 9.18±1.93 72.76 66.56 6.88 8.83 
15 3.44±2.00 6.16±2.02 85.62 73.88 2.45 4.95 
17 5.83±0.78 4.67±0.82 42.50 55.24 6.41 5.28 
SCI; LSD 5%= = 1.33; LSD 1% = 1.77 SCE: LSD5%= 1.29; L S D I % = 1.72 
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4.3.4 The texture of mackerel fish during icing storage 
4.3.4.1 Firmness of different measuring points of mackerel fish during 
storage in ice 
There was a continuous and gradual decline in textural firmness for all the skin body 
locations (A, B and C) but the most dramatic decrease in firmness was between days 1 
and 3 and is more evident for body locations A and B. There is a highly significant 
difference (P< 0.01) between firmness on storage lime. The LSD at 5 and 1% levels 
were calculated for mean firmness o f all the locations and put under Table 22. 
Table 22 : The effect o f iced storage on mackerel fish firmness (g) in three measuring 
locations (arithmetic mean of 10 measurements ± standard error) 
Tlme(Days) Firmness(g) 
Location A Location B Location C 
1 134.73 ± 8 . 1 0 135 .50±5 .71 106.79 ± 5 . 3 7 
3 98.45 ± 5.20 104.25 ± 4 . 9 1 102.87 ± 4 . 6 7 
5 92.61 ± 3 . 4 8 85.89 ± 3 . 7 6 6 1 . 5 8 ± 5 . 1 8 
8 88.40 ± 4 . 1 2 72.70 ± 4 . 2 5 5 1 . 8 0 ± 2 . 1 8 
10 73.51 ± 2 . 1 3 59.61 ± 3 . 3 1 5 1 . 9 6 ± 3 . 5 6 
12 62.53 ± 2.56 52.44 ± 3 . 2 5 49.51 ± 3 . 9 6 
15 55.37 ± 2 . 3 1 5 1 . 1 6 ± 5 . 1 1 46.19 ± 2 . 6 4 
17 51.74 ± 2 . 4 0 59.26 ± 2 . 7 8 45.11 ± 3 . 8 1 
LSD 5%= 3.76 LSD 5%= 3.78 LSD 5%= 3.62 
LSD 1%= 4.98 LSD l%=5.02 LSD 1%=4.80 
The regression co-efficient (b) o f the firmness o f mackerel fish over storage time is 
highly significant (P< 0.01) for body the middle part and significant for parts upper and 
tail end (P<0.05). The correlations between mackerel firmness and storage time were 
investigated. The results show a positive and highly significant correlation for day 5 and 
day 8 (r= 0.889; P< 0.01) for body part A. It was positive and highly significant for day 
I and day 3 for body part C (r= 0.873; P< 0.01) and day 10 and day 12 ( r= 0.843; P< 
0.01) for body part B. For everyday o f icing storage, there is a decrease o f 4.34g in 
firmness of the skin. 
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4.3.4.2 Deformation of measuring parts A , B and C of mackerel fish during 
storage in ice 
There was a continuous and graudal decline in fish muscle deformation for measuring 
positions A, B and C of mackerel fish during the 17 days o f icing storage (Table 23). 
The most dramatic decrease were for body parts A and B and it was between day 1 and 
day 3. The deformation o f mackerel fish over storage time for parts A and B were 
highly significant (P< 0.01) and for part C it was not significant (P>0.05). 
Table 23 : The effect of icing storage on firmness o f mackerel fish muscle deformation 
g/mm2 (arithmetic mean o f 10 measurements ± standard error) 
Time (Days) Fish location 
Body part A Body part B Body part C 
1 I 3 4 ± 8 . l I 3 5 ± 5 . 7 106 ± 5 . 4 
3 98 ± 5 . 2 104 ± 4 . 9 102 ± 4 . 7 
5 92 ± 3 . 5 85 ± 3 . 8 61 ± 5 . 2 
8 88 ± 4 . 1 72 ± 4.3 51 ± 2 . 2 
10 73 ± 2 . 1 59 ± 3 . 3 51 ± 3 . 6 
12 62 ± 2.6 52 ± 3 . 3 49 ± 3 . 9 
15 55 ± 2 . 3 51 ± 5 . 1 46 ± 2 . 6 
17 51 ± 2 . 4 59 ± 2 . 8 45 ± 3 . 8 
LSD 5%= 3.76 LSD 5%= 3.78 LSD5%=3.62 
LSD l % = 4.98 LSD 1%=5.02 LSD 1%= 4.80 
Considering that an increase in negative force for body location A after day 8 was 
trivial , a regression analysis o f days 10 and 12 on day 8 was performed and the results 
showed no significant difference (P>0.05). However, the regression o f deformation 
against days o f icing storage for body part B was highly significant (P< 0.01). From the 
regression analysis, for everyday o f icing storage there was a decrease of 0.24g in skin 
deformation. 
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4.4. Discussion 
4.4.1 Colour 
The present experiment investigated the effects o f icing storage on the colour and 
texture in post-mortem changes in mackerel fish caught o f f the coast o f Plymouth, 
England. A decrease in lightness ( L * ) o f the eyes, gills and on the skin appearance 
during 17 days chilled storage o f whole un-gutted mackerel fish was observed. The L* 
o f both the eyes and gills over storage time were higly significant (P< 0.01) while a 
decrease in skin L* was observed from day 8 to day 10 and it was significant (P<0.05). 
Schubring (2003) measured the L* on both the ventral and dorsal parts o f o f individual 
cod fish samples and found a decrease in L * over a period o f 17 days o f icing storage. 
In this study, there was an increase in the L * o f the eyes and gills from day 1 to day 3 
and a gradual decline in L* for the skin appearance during the same period. The higher 
values o f L * at day 3 for the eyes and gills were attributed to the fish being i n rigor and 
also the semi-frozen liquid within the tissues o f the eyes and gills refiected more light 
than only fresh tissues (Banja, Bradley, Al-Murrani & Kuri 2007). Rigor mortis is 
influenced by temperature and time and it is the most important parameter associated 
with fish quality. The L* values obtained from SCI were higher than the SCE values 
throughout the experiment. The most probable reason for this was the inclusion o f the 
specular component. Schubring (2003) conducted colour measurements f rom headed 
and gutted hake fish frozen at -20°C and subsequently stored 9 days in ice and observed 
a noticeable decrease in L* measured from the ventral part o f the fish. The findings o f 
Schubring (2003) are in agreement with the results o f the current study. 
The CV % for a* o f mackerel eyes was negative for day 1 and this was mainly 
attributed to the fact that the fish were still very fresh. However, after 3 days in icing 
storage, a gradual increase in a* o f the eyes started and this trend o f increase continued 
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until the end o f the experiment. This result concurs with Schubring (2003) who 
investigated colour changes in whole, gutted cod during storage in ice and found the a* 
o f the eyes increased significantly (p<0.05) as storage time progressed. The relationship 
between mackerel skin a* and storage time was negative and insignificant, indicating 
that a* colour o f mackerel skin may not be suitable for determining the quality o f the 
fish. Similar fairly weak relationship between a* and skin appearance was observed for 
cod stored in ice (Schubring 2003). Changes in the b* of both mackerel eyes and gills 
over storage time were not significant (P>0.05) in this study. These findings agreed with 
Schubring (2003) who indicated that b* values appeared to be less influenced by storage 
in ice. 
Post-mortem colour changes were found in all chromaticity parameters determined in 
this study. Significant changes in the colour variables (L*, a*, b*) measured from the 
eyes, gills and skin were observed in this study. According to Pavlidis, Papandroulakis 
and Divanach (2006) there is no established pattern on post-mortem changes in skin 
chromaticity parameters in fish. These are associated with alterations in light reflection 
due to cellular autolysis, denaturalion o f the muscular proteins resulting in decreased 
water retention by the meat and/or with changes in the intensity o f the pigments within 
skin chromatophores (Pavlidis et ai 2006), 
4.4.2 Texture 
The firmness o f mackerel fish during icing storage has shown that measuring point C 
(located near the tail end) was firmer than the upper and middle parts and that the 
difference between firmness and storage time was highly significant difference (P< 
0.01). This finding is in agreement with an earlier study on textural analysis conducted 
by Casas et ai (2006) on raw Atlantic salmon {Salmo salar) at three measuring points 
and found that the tail end was firmer than the rest. In this experiment the most dramatic 
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decrease in firmness was between the first 3 days and more pronounced for the upper 
and middle parts. This variation may have been due to rigor mortis, which is described 
as the stiffness in muscle tissue after death (Jain, Pathare & Manikantan 2007). The 
assumption that the variation in firmness o f the body parts was due to rigor mortis is in 
agreement with Careche et a/.(2003) who indicated that changes in firmness during the 
first days o f icing storage are consistent with onset and resolution o f rigor mortis. A 
drastic decrease in firmness of Rohu fish (Labeo rohita) during icing storage from day 5 
onwards was observed (Jain et al. 2007). In this study, there was a decrease in mean 
firmness but not linear. 
Many factors affect the texture o f fish, e.g. species, age, size, and nutritional state o f the 
fish. Post-mortem factors influencing texture include glycolysis, pH and rigor mortis 
(Careche el ai 2003). Dublan-Garcia, Camarillo, Guerrero-Legarreta and Ponce-
Alquicira (2006) found a highly significantly decrease in texture expressed as shear 
force in raw mantle muscle after 8 days o f storage at 4°C and indicated that squid 
becomes softer as a result o f proteolysis. The same authors measured maximum force in 
whole fish by using the hand-held hardness tester and found a decrease in hardness 
values during ice storage o f cod. 
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4.5 Conclusion 
Studies on the colour and textural properties o f mackerel fish during ice storage 
indicated considerable changes. Lightness o f the eyes and gills increased during the first 
3 days; a significant (P<0.05) decline in skin L * from day 8 as well as the levelling o f 
depression in L* from day 8 o f storage was observed. The correlation between a* and 
b* and skin appearance is negative and not significant. It can further be noticed that 
mackerel eyes started getting red from day 5 but the critical redness that is positive and 
significant appeared at day 8 o f icing storage. Firmness and deformation, measured by a 
compression test, can detect distinctive firmness and deformation changes due to onset 
and resolution o f rigor mortis the first 1-3 days. These data provide evidence that colour 
and texture measurements could be included as useful tools in instrumental techniques 
approach for measuring fish freshness. 
Colour and texture methods can be o f great practical use and these may be extended to 
other fish species and/or products where considerable changes in colour and texture are 
expected. These procedures can be considered as a first step in developing methods to 
assess fish safety and quality, but further steps are required. Though this seems 
plausible on light o f the presented results, it is important to compare these methods with 
sensory, chemical and microbiological analysis to verify and validate the 
appropriateness o f instrumental colour and texture techniques as rapid methods to 
evaluate fish freshness by the fish industry. 
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C H A P T E R S 
5.0 The Effect of iced storage on the chemical, microbiological and sensory 
quality of mackerel (Scomber scombrus) fish 
5.1 Introduction 
Fish is one o f the most highly perishable food products and for that reason, fish are 
generally stored and packed in ice to slow down the mechanisms involved in the loss o f 
freshness (Rodriguez, Losada, Aubourg & Barros-Velazquez 2004), Due to consumer 
demand for fresh refrigerated foods with extended shelf l i fe, research continues to be 
directed towards using various technologies to preserve or prolong the shelf l ife, while 
ensuring the safety of fresh foods including fishery products (Rodriguez, Losada, 
Aubourg & Barros-Velazquez 2005). 
Chemical, microbiological and sensory changes leading to deterioration in fish depend 
significantly upon the factors which affect the concentration o f substrates and 
metabolites in the tissues o f live fish, the activity o f endogenous enzymes, the microbial 
contamination, and the subsequent handling conditions after catch (Sallam 2007). The 
characteristic changes occurring post-mortem in fish, especially its sensory properties 
and composition, vary considerably depending on fish species and storage method 
(FAO 2002a, Martinsdottir, Luten, Schelvis-Smit & Hyldig 2003). Post-mortem 
changes in pelagic fish species such as mackerel are highly affected by post-catch 
handling practices (Sallam 2007). 
It is important for anyone concerned with fish handling and processing to be able to 
measure the amount of deterioration that has occurred fol lowing catch. There are, 
however, many occasions when it is necessary to assess the quality at some intermediate 
stage o f deterioration: fresh fish absolutely commands a better price than fish that is less 
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fresh but not stale or fish should be checked before packaging to ensure that it w i l l not 
become stale when distributed or displayed (FAO 2005b). Time that has passed after the 
fish is caught, and the temperature profile o f fish are considered crucial to determining 
the final quality characteristics o f a fish product (Olafsdottir, Lauzon, Martinsdottir & 
Kjistbergsson 2006). 
Many indices have been used for the assessment o f fish quality during icing storage. 
These indices comprise changes in the microbial population (Gram & Melchiorsen 
1996) and chemical changes including total volatile base nitrogen ( T V B - N ) and 
trimethylamine ( T M A ) content (Malle & Poumeyrol 1989) as well as changes in 
sensory attributes (Dalgaard 2004). 
Considering that specific spoilage causing microorganisms cannot be detected by 
sensory or chemical testing, it is useful to conduct microbiological, chemical and 
sensory analyses when assessing the quality o f fish (Ryder, Fletcher, Stec & Seelye 
1993). This study was designed to investigate the effect o f icing storage on the shelf life 
o f trawl caught mackerel (Scomber scombrus) by using chemical, microbiological and 
sensory assessment methods. 
5.2 Materials and methods 
Mackerel fish {Scomber scombnts) used in this experiment were caught o f f the coast o f 
Plymouth, U K with a trawl net in February 2008. Polystyrene boxes with fiake ice were 
used for preservation o f the fish on board immediately following catch. The 
conventional method of icing temperate fish in the ratio o f 1:1 was followed (i.e. a layer 
o f ice alternating with a layer o f fish). The boxes were taken to the laboratory within 24 
hours and, were kept in a chilled room at a temperature ranging between 0 to 2°C. The 
melting ice was drained and replenished daily. The sampling times adopted in this 
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investigation were day 1 as the starting point, day 3 the end o f rigor mortis, day 8 as the 
critical point, and day 14 and 17 as the final sampling day. On every sampling day, five 
individual fish were analysed by sensory, chemical and microbiological methods. This 
allowed for each method, on each fish to be carried out in triplicate. The 15 samples 
were obtained and tested to reduce the within group variability. 
5.2.1 Sample preparation: Microbiological tests 
Samples o f 25 grams from each fish for microbiological analysis were taken aseptically 
from the fish flesh using sterile scapels and forceps. A 225 m L o f physiological saline 
(85 % v/v) was added to each sample and homogenised using a laboratory blender 400 
Stomacher (Seward Medical, London, UK) for 60 seconds. 
A ten-fold serial dilution was prepared and appropriate dilutions were spread plated 
onto Tryptone soya agar (TSA) for the total viable bacterial count (TVC) . The cultures 
were incubated at \5^C for 3 days. Microorganisms that are capable o f producing 
proteolytic enzymes (proteases) were counted on Mi lk agar ( M A ) i f they produced a 
clear area around the colonies. Iron agar ( l A ) was also used for counting o f TVC and 
H2S- producing microorganisms which form black colonies on the agar. Both M A and 
lA plates were incubated at 25''C for 2 days. Three replicates o f three appropriate 
dilutions on every sampling day were enumerated. Microbiological data were 
transformed into logarithms for the number o f colony forming units (cfu/g) per g o f fish 
(cfu/g) before being statistically analysed. 
5.2.2 Sensory assessment 
A five member panel was recruited from postgraduate students and staff o f the 
University o f Plymouth (Food and Nutrition and Microbiology laboratories). The panel 
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was trained in sensory evaluation o f the whole ungutted mackerel fish prior to sensory 
assessment according to the modified method o f (Nuray & Ozkan 2008). 
The sensory characteristics studied included the general appearance o f the skin, eyes 
(shape and colour) gills (odour and appearance) and body texture. Each individual fish 
was assessed into four quality grades according to EU grading scheme (Martinsdottir & 
Magnusson 2001); where excellent quality (perfect condition), high quality (slight loss 
o f excellent characteristics), good quality (some deterioration but fit for sale) and unfi t 
for sale were assigned E, A , B and C grades respectively. Excellent quality on the point 
scale is 0, high quality is 1, good quality is 2 and poor quality is 3 (Ababouch et al. 
1992). The quality assessment scheme used for the sensory evaluation is shown in Table 
24. 
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Table 24 : Quality assessment scheme used to identify the quality index demerit score 
Quality parameter Character Demerit score Total 
General appearance Skin 0 Bright, shining 
1 Bright 
2 Dull 
Stiffness 0 Stiff, in rigor mortis 
1 Firm 
2 Some softening 
3 Limp and floppy 
Belly 0 Firm 
1 Soft 
2 Belly burst 
Smell 0 Fresh, seaweed/metallic 
1 Neutral 
2 Musty/sour 
3 Stale meat/rancid 
Eyes Clarity 0 Shiny pupil/ mettalic brown iris 
1 Slightly cloudy 
2 Cloudy 
Shape 0 Normal, convex 
1 Plain 
2 Sunken 
Gills Colour 0 Characteristic, red 
1 Faded, discoloured 
2 Red/brown 
3 Brown/gray and clotted 
Smell 0 Fresh seaweed/metallic 
1 Neutral 
2 Fish o i l / slightly rancid 
3 Sour stink/ stale, rancid 
Sum of demerit scores ( M i n = 0; 
Max = 20) 
Source: Modified from Nuray & Ozkan (2008) 
5.2.3 Chemical analysis on total volatile base nitrogen ( T V B - N ) 
Fish extracts for determination o f total volatile base nitrogen ( T V B - N ) and 
trimethylamine ( T M A ) were taken from the flesh. Approximately lOOg of fish muscle 
was taken and 200ml o f 7.5 % (v/v) aqueous trichloroacetic acid (TCA) solution was 
added and homogenized using a homogenizer for 60 seconds (Malle & Poumeyrol 
1987). The homogenate was centrifuged until clear and the supernatant was filtered 
through Whatman no. 1 filter paper. Steam distillation was carried out using a micro 
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Kjeldahl distillator (Gerhardt, Vapodest 40, Germany). Tewnty-five millilitres o f the 
filtrate was loaded into the distillation tube followed by the addition o f 5 m l o f 10% 
NaOH. 
A beaker containing 10 ml o f a 4% aqueous boric acid solution and 0.04 ml of methyl 
red and bromocresol green indicator for titration o f ammonia was placed at the end o f 
the condenser. Distillation continued until a final volume o f 50 ml was obtained in the 
beaker (40 ml o f distillate). 
The boric acid solution turned green when alkalinized by the distilled T V B - N . This was 
titrated using a 0.01 ml graduated microburette containing aqueous 0.1 N sulphuric acid. 
When complete neutralisation was obtained, the colour turned pink on addition o f a 
further drop of sulphuric acid. The quantity o f T V B - N in mg was determined from the 
volume of sulphuric acid (n ml) multiplied by a factor 16.8 mg o f nitrogen/1 OOg (Malle 
& Poumeyrol 1987). 
5.2.4 Trimethylamine (TiMA) 
For the determination o f T M A , a modification of the T V B - N assay was performed by 
the addition of formaldehyde to react with the primary and secondary amines. For this 
purpose, 5 ml o f 37 % formaldehyde was added to 24 ml o f filtrate (Malle & Foumeyrol 
1987). Steam distillation was performed the same as for the T V B - N determination. The 
amount o f volatile amines was measured and the results expressed in mg o f 
nitrogen/1 OOg. 
For the determination o f T M A , when the required amount o f formaldehyde was added, 
only the T M A was distilled. The T M A content was calculated from the volume o f 0.1 N 
sulphuric acid used for titration (ml) and 16.8 mg nitrogen/1 OOg. 
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5.2.5 Statistical analyses 
Results were analysed using Minitab version 15 (Minitab Ltd, Coventry) which 
included the calculation of descriptive statistics; one-way analysis o f variance 
( A N O V A ) ; the F-test and the multiple comparison; correlation coefficients and 
regressions as measures o f association and dependence. The general linear model 
( G L M ) was used for analysis o f the sensory data and the means were compared using 
Tukey's test on the LSD at 5 and 1 % levels. P-values of 0.05 or less were considered to 
be significant. 
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5.3 Results 
5.3.1 Sensory evaluation (Quality index scores) 
Smaller quality index (Ql) scores indicate better quality o f the fish. The results in Table 
25 showed that the average score for each quality attribute evaluated using the Q I M 
scheme increased with storage time in ice. The general linear model ( G L M ) analysis o f 
variance ( A N O V A ) and the F-test reflected a highly significant difference associated to 
time o f icing storage (p< 0.001). 
Table 25 : Average scores for each quality attribute evaluated with the quality index 
method (QIM) scheme for whole un-gutted mackerel fish over storage time on ice 
(n=125) 
Storage 
time 
(days) 
Quality attributes sensory score 
Skin Stiffness Belly Fish smell 
Eyes 
clarity 
Eye 
shape 
Gills 
colour 
Gills 
smell 
1 
3 
8 
14 
17 
0.20° 
0.64** 
1.04*^  
1.92^ 
2.00^* 
1.56=" 
1.96** 
2.32** 
2.92' 
3.00' 
0.56" 
0.72" 
1.08** 
1.44' 
1.76'* 
0.16" 
0.56** 
I . I 6 ' 
2.36** 
2.60' 
0.52" 
1.12*' 
1.24** 
1.96' 
1.96' 
0.60" 
LOO** 
1.44' 
1.84** 
0.68" 
0.80** 
1.24' 
2.40' 
2.80'' 
0.32" 
0.96** 
1.32' 
2.60^ 
3.00' 
S E D * * 0.13 0.18 0.14 0.16 0.11 0.15 0.17 0.16 
r - I — 
* * S E D - standard error o f difference 
The F-test p-value was 0.001 for all attributes 
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5.3.1.1 Changes in skin brightness of mackerel {Scomber scombrus) fish 
during iced storage 
The multiple comparison (Tukey*s test) between the means of skin brightness scores 
showed that there was a significant decrease from day 1 to day 3 and from day 3 to day 
8 (p< O.OOl). Brightness at day 8 was lower than on day 14 and 17; the difference in 
brightness between the last two days was not significant (Figure 18). The quality index 
scores described the skin condition o f mackerel fish as bright and shiny for the first 3 
days o f storage. It was only "bright" for day 8 and "dul l " for day 14 and 17. 
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Figure 18 : The effect o f icing storage on mackerel skin brightness expressed in the 
quality index score, a- d- different letters indicate significant differences (at least 5% 
level) n=5 
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5.3.1.2 Changes in mackerel (Scomber scombrus) muscle stiffness during 
iced storage 
The results on the effect o f icing storage on mackerel fish muscle stiffness over time 
(days) indicated that the fish muscle was not in a state o f stiffness or rigor during day I 
o f icing (Figure 19). It was only firm. Differences in stiffness between day 3 and 8 
were not significant; although there was some softening o f the fish muscle at day 8. The 
fish muscle was l imp and fioppy on day 17 wi th no significant difference between day 
14 and 17. 
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Figure 19 : The effect o f icing storage on mackerel muscle stiffness expressed in the 
quality index score, a- c- different letters indicate significant differences (at least 5% 
level) n=5 
121 
The effect o f Iced storage on chemical, microbiological and sensory quality 
5.3.1.3 Changes in mackerel (Scomber scombrus) fish belly firmness during 
iced storage 
There was a decrease in belly firmness over days o f icing storage. No significant 
difference in belly fiminess during the initial 3 days o f storage. However, there was a 
significant difference in firmness between day 3 and 8 (p<0,05). The difference in 
firmness o f the belly for day 14 and 17 was also significant (p<0.05) (Figure 20). 
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Figure 20 : The effect o f icing storage on mackerel belly firmness expressed in the 
quality index score, a- d- different letters indicate significant differences (at least 5% 
level) n=5 
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5.3.1.4 Changes in the smell of mackerel (Scomber scombrus) fish during 
iced storage 
Difference in the smell o f mackerel fish within the first 3 days o f storage increased but 
was not significant (Figure 21). During this period, the fish smell could be described as 
between sea-weedy and neutral odour. However there was a significant difference in 
smell between day 3 and 8 (p< 0.001). At day 8 o f icing storage the smell o f the fish 
was sensorically assessed as having passed the neutral odour phase and beginning to get 
musty and sour. The difference in the smell between day 14 and 17 was also significant 
indicating further change in smell. 
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Figure 21 : The effect o f icing storage on mackerel smell expressed in the quality index 
score, a- c- different letters indicate significant differences (at least 5% level) n=5 
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5.3.1.5 Changes in clarity of mackerel (Scomber scantbrus) fish eyes during 
storage in ice 
Clarity o f the eyes o f all sampling days was significantly different from day 1 (p< 
0.001). No significant differences between days 3 and 8 and between 14 and 17 were 
found; the differences between day 8 and later stages were also highly significant (p< 
0.001) as shown in Figure 22. The results describe the eyes as black with shiny pupil 
and metallic brown iris for day 1. Differences in the clarity o f the eyes between day 3 
and 8 were not significant as all the fish attained similar state o f slight cloudiness. The 
eyes clarity reached the same condition of cloudiness between days 14 and 17. 
3 
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Figure 22 : The effect of icing storage on mackerel eye clarity expressed in the quality 
index score, a- c- different letters indicate significant differences (at least 5% level) n=5 
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5.3.1.6 Changes in the shape of mackerel (Scomber scombrus) eye during 
storage in ice 
The shape o f the eyes between sampling days I and 3; days 3 and 8 were statistically 
different (p< 0.001) as shown in Figure 23. This shows that the shape of the eyes for 
day 1 was normal and convex, while it was plain on sampling days 3 and 8, despite the 
increase in quality index. There was a highly significant (p< 0.001) difference in the 
shape o f the eye between day 8 and day 14, but not between days 14 and 17. In the last 
two sampling days, the shape o f the eyes was concave and sunken. 
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Figure 23 : The effect o f icing storage on mackerel eye shape expressed in the quality 
index score, a- d- different letters indicate significant differences (at least 5% level) n=5 
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5.3.1.7 Changes in gills colour of mackerel (Scomber scombrus) fish during 
storage in ice 
There was no difference in gills colour during the first 3 days o f icing storage (Figure 
24). The colour o f the gills during that stage o f icing could be described as 
characteristically bright red. However, there were significant (p< 0.001) differences in 
gi l l colour between days 3 and 8, days 8 and 14, and days 14 and 17 respectively. 
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Figure 24 : The effect o f icing storage on mackerel gills colour expressed in the quality 
index score, a- c- different letters indicate significant differences (at least 5% level) n=5 
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5.3.1.8 Changes in the smell of mackerel {Scomber scombrus) gills during 
icing storage: 
The results in Figure 25 show a highly significant difference in the smell o f the gills 
between days 1 and 3 during chilled storage (p< 0.001). There was also a significant 
change in smell between days 3 and 8. The results suggest that the smell o f the gills is 
as fresh sea-weed for day I , and neutral odour for days 3 and 8. Further significant 
change in the smell o f gills between days 14 and 17 was also observed. The smell o f the 
fish between days 14 and 17 could be described to be slightly rancid to rancid. 
3 1 
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Figure 25 : The effect o f icing storage on mackerel gills smell expressed in the quality 
index score, a- c- different letters indicate significant differences (at least 5% level) n=5 
127 
5.3.1.9 
The effect o f Iced storage on chemical, microbiological and sensory quality 
Association between mackerel eye shape and clar i ty 
The clarity and shape of mackerel eyes have deteriorated progressively during the entire 
storage period. There was no significant change in the clarity o f the eyes between days 3 
and 8 while there was a significant change in the shape of the eyes during the same 
period. No significant change in either the clarity or the shape o f the eyes towards the 
end o f storage (Figure 26). The results show that the clarity and shape o f the eyes at the 
end o f the storage have reached levels where no further changes can be attained. 
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Figure 26 : Quality changes in the shape and clarity o f mackerel eyes during iced 
storage 
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5.3.1.10 Association between mackerel gills colour and smell 
There was no difference in the colour o f the gills during the initial three days while 
there was a highly significant difference in gills smell during the same period. However, 
there was a difference in gills colour between day 3 and day 8, but also significant 
change was observed in the smell o f the gills during the corresponding period. The 
results for gills colour and smell did not plateau at the end o f the 17 days storage trial 
(Figure 27) indicating further change in the attributes could be attained. One similarity 
that is evident for the smell and colour o f the gills is the steady decline in quality in both 
sensory attributes. 
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Figure 27 : The effect of icing storage on the quality changes in the colour and smell o f 
whole mackerel gills 
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5.3.1.11 The quality index (Ql ) of whole un-gutted mackerel during iced 
storage 
The Ql o f whole un-gutted mackerel based on average score o f the whole panel (5 panel 
members) was calculated for each sampling day o f storage. The Q l was linearly related 
to storage time on ice with a high correlation coefficient (r= 0.99) between the average 
Q l and days o f storage. The regression equation y= 0.89x + 4.25 could be used for 
prediction o f the shelf life o f mackerel fish for any day during icing storage; where 4.25 
(intercept), 0.89 (b- regression co-efficient) and x (any value for time x ) . The coefficient 
o f determination (r^) expresses how f i t the model is. The higher value of r^ indicated 
better the fit o f the model of analysis used (Figure 28). 
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Figure 28 : The Quality Index (Ql) score o f whole un-gutted mackerel fish. Averages 
(± SE) over each day o f storage analysed (n=5) against days in ice. 
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5.3.2 Chemical assessment 
Table 26 shows T V B - N of mackerel fish stored in ice over the 17 days sampling period. 
There was an increase in TVB-N production from 8.42 to 63.73mgN/I00g during the 
whole icing storage. The increase started at day 8 and continued until the end o f icing 
storage. The C V % which allows comparison o f the within variability between the 
different periods o f icing was generally small and remained almost at the same level 
(about 10%); and this reflects the coherence o f the sampling. There was an increased in 
the C V % from 8.77 for day 1 to 12.48 for day 8 for T V B - N and then decreased at the 
end o f storage to almost half o f that at day 8. This reflects that while mean T V B - N 
increased to many folds at day 17, the within-group variability increased with icing 
storage up to day 8, when all the fish reached the same state o f change in quality and 
then decreased. 
Table 26 : The effect o f iced storage on total volatile bases nitrogen ( T V B - N mg 
N/lOOg) production in mackerel fish during storage in ice 
Storage time 
(Days) M e a n i S E StDev C V % Minimum Maximum 
I 8.42 ± 0 . 1 9 0.74 8.77 7.24 9.21 
3 8.88 ± 0 . 2 2 0.83 9.39 7.26 9.53 
8 12.66 ± 0 . 4 1 1.58 12.48 10.77 14.85 
14 43.68 ± 0 . 5 6 2.16 4.94 40.98 47.21 
17 6 3 . 7 3 ± 1.12 4.35 6.82 57.94 71.16 
LSD 5%= 1.02; L S D I % = 1.32 
Table 27 shows T M A produced during the 17 days preservation o f mackerel fish in ice. 
Like T V B - N , there was an increase in T M A production throughout the storage period 
from 4.35 to 25.41 mgN/IOOg o f fish muscle associated with the increase o f T V B - N ; 
the increase also started at day 8. The C V % for day I was 3.09 and this figure increased 
to 8.38 at day 8 and after that there was a decline in C V % and by day 17 the C V % 
(4.12) was less than that o f day 8. 
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Table 27 : The effect o f iced storage on trimethylamine ( T M A mgN/IOOg) production 
in mackerel fish during storage in ice 
Storage time 
(Days) M e a n i S E StDev C V % Minimum Maximum 
I 4 .35±0.03 0.13 3.09 3.95 4.50 
3 6.24±0.05 0.17 2.79 5.95 6.52 
8 8.48dbO.I8 0.71 8.38 7.43 9.24 
14 22.1l±0.17 0.66 3.00 21.13 23.08 
17 25.4I±0.27 1.05 4.12 23.72 27.05 
LSD 5%= 0.08; LSD1%= O.IO 
5.3.2,1 Relationship bet%veen T V B - N and T M A production during storage 
in ice 
The relationship between T V B - N and T M A production was determined using one-way 
A N O V A , the multiple comparison tests, correlation coefficient and regression analysis. 
The F- test showed a highly significant difference between the means (p< 0.001) for 
both T V B - N and T M A with r^  o f 98.99% and 99.49% respectively. The LSD values at 
both 5 and 1% reflected highly significant differences between T V B - N at different 
storage times; the same trend was noticed for T M A . 
Overall regression coefficients have shown that the production o f T V B - N is not related 
to T M A and is not significant. However, the production o f T M A is related to T V B - N 
and this relationship is highly significant (p< 0.001). The regression of T V B - N against 
T M A was only highly significant (p< 0.001) for day 8. T M A production for days I and 
3 were not significant but for day 8 it was highly significant (p< 0.001). 
The Pearson correlation coefficient (r) was calculated to express the relation between 
T V B - N and T M A over days o f sampling. The correlation (r) between T V B - N and T M A 
was highly significant only for day 8 (r= 0.975; p<0.00l) . 
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5.3.3 Microbiological assessment 
The TVC for sampling day 17 were not included in the results because the count on 
each of the culture media was >I0.4 logio cfu/g (too numerous to be counted) and 
therefore, the results contained in this report relate to TVCs for sampling days 1, 3, 8 
and 14 respectively. 
5.3.3.1 Comparison between bacterial counts on days of icing storage 
Table 28 contains the result o f microbial growth in whole un-gutted mackerel fish 
during storage in ice expressed as logio cfu/g. T V C on both TSA and l A , H2S-producing 
bacteria and M A counts were used as microbial indices to evaluate the microbiological 
quality o f mackerel during icing storage. The T V C counts obtained for H2S-producing 
microorganisms were lower than the T V C counts for TSA, lA and M A during the whole 
icing storage. By sampling on day 14, the difference in microbial counts between H2S-
producers and TVC counts was less than a logio cfu/g. The one-way A N O V A and the F-
test refiected highly significant differences in bacterial counts over the days o f icing 
storage (p< 0.001). The 95% confidence interval (CI) multiple comparisons also 
reflected the same trend for all types o f bacteria. 
Table 28 : Change in microbial counts (loglO cfu/g) o f mackerel fish during storage in 
ice 
Storage T S A lA H2S organisms Proteolytic 
time (days) organisms 
1 4.29 ± 0.06 4.07 ± 0 . 1 2 2.22 ± 0 . 0 5 4.20 ± 0,07 
3 4.93 ± 0.08 4.67 ± 0 . 0 8 3.03 ± 0 . 0 5 4.71 ± 0 . 0 6 
8 6.86 ± 0 . 1 3 6.69 ± 0 . 1 3 5.51 ± 0 . 2 0 6.66 ± 0 . 1 4 
14 8 . 3 7 ± 0 . 1 2 8.09 ± 0 . 1 4 7.59 ± 0 . 2 0 8 . 1 2 ± 0 . 1 2 
17 > 10.4 > 10.4 > 10.4 > 10.4 
Each value represents the mean of 15 samples ± standard error o f mean 
*TVC, total viable count; cfu, colony forming units; H2S, Hydrogen sulphide 
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The one-way A N O V A and F-test f o r T S A with storage time showed relative increase in 
microbial loads compared to day 1 o f icing was 15.0% at day 3, 60 % at day 8 and 95.0 
% at day 14. Major increase in mean microbial counts occurred at day 8, and then the 
final cumulative increase at day 14 was over 6 fold compared to day 3. This indicates 
that the total bacterial count as an indicator o f spoilage is useful from day 8. 
One-way A N O V A and F-test for lA over storage time showed a highly significant 
difference between the means. The 95% CI multiple comparison reflected relative 
increase o f 14.8 % at day 3 compared to day 1, 64.6 % at day 8 and 98.9 % at day 14. 
Total increase at day 14 was 7 fold compared to day 3 counts. 
Increase in counts o f HaS-producing microorganisms on lA compared to day I icing 
was 36.5 % at day 3, 147% at day 8 and at day 14 it was 241%. Similar to the 
bacteriological counts obtained from TSA and lA, major increase in the counts of H2S-
producing microorganisms occurred at day 8 with more than 100% increase compared 
to day 1. The total increase in the count o f H2S-producing microorganisms at day 14 
was almost 7 fold compared to day 3 counts. 
Increase in the counts o f microbes on M A compared to day 1 o f icing was 12.2 %, 58.7 
% and 93.2 % at days 3, 8 and 14 respectively. The increase in proteolytic microbial 
count was over 7 fold compared to day 3 counts. 
A t day I o f icing, the associated increase in log bacterial counts o f TSA and each o f l A 
and M A was very high and nearly complete as expressed in the correlation coefficients 
between TSA and each o f lA and M A counts (r= 0.98; p< 0.001) and the same between 
LA and M A (0.98; p< 0.001). The increase was only intermediate and significant (0.56; 
p< 0.05) for H2S-producing microorganisms. 
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The increase in microbial counts between TSA and for both lA and M A counts at day 3 
o f icing storage was highly significant (r= 0.79; p< 0.001). The increase in counts 
beuveen lA and M A was significant (r= 0.58; p>0.05). Increase in counts o f H2S-
producing microorganisms was low and not significant (r= 0.16; p> 0.05). 
The associate increase in microbial counts for day 8 was indeed very high and 
significant between TSA and each o f LA and M A counts (r= 0.98; p< 0.001). Also, the 
increase in T V C between lA and M A was high and very significant (r= 0.981; p< 
0.001). The correlation between HzS-producing microorganisms on l A and each o f 
TSA, lA and M A was high and significant (r= 0.98; p< 0.001). The highly significant 
increase o f H2S-producing microorganisms for day 8 is crucial as it indicates the 
beginning o f changes in the state of mackerel quality. 
Associated increase in log bacterial counts between TSA and each o f the other culture 
medium was very high and significant (r=0.80; p< 0.001). However, the associated 
increase between TVC counts on lA and H2S-producers was low and not significant 
(r=0.493; P>0.05); but the increase between l A and M A counts was highly significant 
(r= 0.76; p< 0.001). 
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5.3.4 Discussion 
5,3,4.1 Sensory changes 
The sum o f sensory scores for whole un-gutted mackerel fish evaluated according to the 
Q I M scheme for each day o f sampling formed a linear relationship with storage time 
(Figure 29). A high coefficient o f determination (r^= 0.98) was obtained between the 
average quality index (QI) and time (days in ice) with a slope o f 0.89. The grades for 
sensory freshness o f the fish were between perfect condition (excellent quality) and 
slight loss o f excellent characteristics for all the quality attributes except for fish muscle 
stiffness during the first 3 days. The early loss o f mackerel muscle firmness could be 
associated with dragging o f the fishing net along the ocean bottom combined with post 
catch struggle, which accelerates the process o f rigor mortis, as all the energy stored in 
the fish have been used (Huss 1995). It is also caused by the weakening o f pericellular 
connective tissue which is constituted from collagen fibrils (Ando 1999). There was no 
significant difference between muscle stiffness at day 3 and 8 (Figure 19). A high 
coefficient o f determination (r^= 0.95) between the average QI and days in ice was 
found in a similar shelf life study conducted on farmed salmon {Salmon salar) 
(Sveinsdottir, Hyldig, Martinsdottir, Jorgensen & ICristbergsson 2003). 
The results o f the sensory analyses described here show that the smell o f the fish, the 
belly firmness and the colour o f the gills did not change significantly during the first 
initial three days o f icing storage. Also, the results further indicate no significant 
changes in the clarity of the eyes, smell o f the gills and the stiffness between days 3 and 
8 of icing storage. The sensory attributes studied show no further differences between 
14 and 17 days in iced storage except for the gills colour, gills smell and fish smell. At 
this stage the skin colour changed from bright and shining to discoloured and dull . In 
the same period the eyes changed from convex with black and bright pupil to sunken 
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opaque and gray pupil and milky cornea. The gills which were initially bright red 
without mucus, changed to brownish gray with mucus and unpleasant odour. 
The sensory quality o f mackerel decreased with time and the fish exhibited 
unacceptable quality after day 8. In a similar sensory study conducted by Rodriguez et 
a/.(2005) on Mediterranean horse mackerel and blue jack mackerel, the shelf l i fe was 10 
and 7 days respectively. In this experiment, the results show that the shelf l i fe o f 
mackerel stored in ice was 8 days. 
5.3.4.2 Changes in T V B - N 
The T V B - N values obtained in this study increased throughout the icing storage from 
8.42±0.19 to 63.73± 1.12 mgN/lOOg and that mackerel fish has passed the limit o f 
acceptability before day 14 in iced storage. According to Huss (1988) limits o f 
acceptability o f T V B - N in some fish are between 30-35 mgN/lOOg; however, Ababouch 
(1996) found 25-35 mgN/IOOg as the l imit o f acceptability in sardine, while El 
Marrakchi, Bennour, Bouchriti, Hamama and Tagafait (1990) found the l imit o f 
acceptability in Moroccan sardines to be between 25-30 mgN/lOOg. A level o f 30 
mgN/lOOg of T V B - N in fish muscle has been considered the upper limit above which 
some fishery products are considered spoiled and unfit for human consumption (Fatima 
& Qadri 1985). Data in the literature seem to indicate that the development o f T V B - N 
in fish may vary widely and is dependent on a number o f intrinsic and extrinsic factors. 
According to Massa, Palacios, Paredi and Crupkin (2005) the amount o f T V B - N in fish 
muscle increases as spoilage progresses. Therefore, the T V B - N results derived from the 
present study are in agreement with (Pacheco-Aguilar et ai 2003). T V B - N is a term that 
includes the measurement o f trimethylamine, dimethylamine, ammonia and other 
compounds associated with seafood spoilage and hence T V B - N is used as a fish quality 
index. Many volatile compounds are produced as a consequence o f bacterial catabolism 
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o f fish constituents and are therefore used as indicators o f microbial degradation o f the 
fish. Bacterial catabolism of amino acids in fish muscle also result in the formation o f 
amino acids and other volatile bases (Owen & Sam 1998). 
5.3.4.3 Changes in T M A 
T M A is a component in the odour of stale fish and it is often used in assessing the shelf 
l ife and eating quality o f fishery products because it is rapidly accumulated in the fish 
muscle under refrigerated conditions (Sikorski et ai 1990). The values for T M A 
obtained in this study increased from 4.35± 0.03 at day I to 22.11± 0.17 mgN/lOOg at 
day 17. Fish with less than 1.5mg T M A mgN/lOOg is considered to be good quality 
while 10-15 mgN/lOOg of T M A is considered the limit o f acceptability (Huss 1988). 
Ababouch (1996) has shown that while less than ImgN/IOOg o f T M A is considered first 
grade, 5-10 mgN/IOOg o f T M A is the limit o f acceptability in Sarciinella pilcharcius. 
The results obtained in this study indicate that the limit o f acceptability for T M A in 
mackerel is 8.5 mgN/IOOg and 22 mgN/lOOg at day 14. The reduction o f T M A O to 
T M A is pH dependent and w i l l therefore vary depending on the overall condition o f 
fish. However, the presence o f T M A in fish is universally used as an indicator o f 
microbial deterioration (Owen & Sam 1998). 
5.3.4.4 Changes in micro-flora 
The results o f the microbiological analysis show no lag phases and that the init ial 
microbiological counts for TSA, TVC on lA and M A exhibited a logarithmic increase. 
The trend in increase of microbial counts continued throughout the storage trial. 
Bacteria on fish caught in temperate waters enter the exponential growth phase 
immediately after the fish have died. This is probably because the microflora is already 
adapted to the chill temperatures. Within the aerobic bacteria, proteolytic bacteria were 
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present at the highest relative count during storage, indicating that active protein 
degradation might occur in stored mackerel muscle. During the storage period, the count 
o f H2S-producing bacteria was relatively low compared to the T V C on TSA, T V C on 
[A and M A count. Massa et al. (2005) reported similar results for jack mackerel during 
iced storage. Other researchers have found that H2S-producing bacteria often constitute 
a major proportion o f the micro-flora o f spoiling fish (Gram 1992, Jorgensen & Gibson 
1988). In this study, the low counts o f HzS-producing bacteria during the initial 3 days 
o f storage indicate that they did not play a major role in the initial loss o f quality leading 
to deterioration. However, as icing storage continued, the count o f H2S-producing 
bacteria increased and almost equalled the counts o f proteolytic bacteria and those 
enumerated on TSA and lA . This indicated that H2S-producing bacteria had a major role 
in the spoilage o f mackerel fish because these bacteria exhibited an increasing 
proportion o f the spoilage fiora with time (Ryder et al. 1993). It has been demonstrated 
that certain H2S-producing bacteria such as Shewaneila putrefaciens and 
Enterobacteriaceae are active fish spoilers that grow rapidly and become predominant in 
spoiling fish (Ababouch 1996, Huss et al. 1997). 
The 95% CI multiple comparisons also reflected the same trend o f increase for all the 
microorganisms. These high counts were not surprising since trawled caught fish 
usually carry high bacterial loads 10-100 times greater than line caught (Tzikas, 
Ambrosiadis, Soultos & Georgakis 2007). The increase in bacterial counts is attributed 
to dragging along the bottom o f the ocean, because it stirs up the sand and contaminates 
the fish, and also the compaction o f the fish, causing gut contents to be expressed and 
triggering the onset of rigor (Jackson, A c u f f & Dickson 1997). The increase o f 
microbial count on TSA occurred on day 8 and major increase o f H2S-producing 
microorganisms on lA also occurred on day 8 with more than 100 fo ld increase 
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compared to day 1. Overall, this indicates that the bacterial count o f H2S-producers as 
an indicator o f spoilage is clear from day 8. 
In this study, there was an increase in the logarithmic value o f bacterial growth and 
there was no stationary phase. Barbosa, Bremner and Van-Pires (2002) indicated that at 
the time o f sensory rejection, the total bacterial count can be generally between 10^ and 
lO ' cfu/g or cm^. Also, in this study, total aerobic bacterial counts almost reached 7 
logio CFU/g on day 8 o f storage. The International Commission on Microbiological 
Specifications for Food (ICMSF) recommends that during fish storage on ice total 
aerobic plate counts (APC) should never exceed lO' CFU/g wet weight (ICMSF 1978). 
Considering this recommendation, mackerel stored in ice remained with assured health 
safety until day 8. It was also reported that bacterial counts in the range of l O ' or higher 
are necessary to induce the production o f off-odours and off-flavours in iced fish 
(Lougovois et al. 2003). Furthermore, the bacterial counts obtained in this experiment 
remained rather high to day 8 (>10^ cfu/g). It can be assumed that the loss o f quality 
leading to spoilage o f mackerel fish was initially as a result o f autolysis and as storage 
in ice progressed, bacterial activity became more evident. 
Huss et £//.(!997) have reported that TVC counts may be used to assess the hygiene 
status o f fish processing plants, and thai they have Utile value in the assessment o f fish 
freshness or the remaining shelf life. However, in this trial, T V C o f SSOs obtained from 
lA counts has proved to be useful indicator o f fish freshness and should be used for 
microbiological evaluation in fish and fishery products. Also, monitoring bacterial 
levels is useful as an objective indicator o f gross spoilage and this is imperative for 
safety considerations. 
140 
The effect of Iced storage on chemical, microbiological and sensory quality 
5.3.4.5 Association between sensory, chemical and microbiological changes 
during iced storage 
The sensory evaluation did not indicate significant changes in belly firmness, the smell 
o f the fish nor the colour o f mackerel gills during the initial three days o f iced storage. 
This has coincided with the low production o f volatile bases ( T V B - N mgN/lOOg) and 
T M A mgN/lOOg, and relative high counts o f microorganisms (4 logs cfu/g) with the 
exception o f H2S-producing bacteria (2 logs cfu/g). The fish could be better described as 
post-rigor, as it has passed the state o f death stiffening (rigor) and there was no sign o f 
autolysis. The condition o f the fish could be characterised by loss of enzyme regulation 
with noticeable quality changes caused by nucleotide degrading enzymes, lipases, 
enzymic lipid oxidation and proteolytic activity (Bremner 2002). Several studies have 
shown that the initial rate of post-harvest quality deterioration in harvested aquatic 
organisms is essentially the same in sterile and non-sterile tissues (Haard 1992). 
Following initial post-harvest quality deterioration, the sensory attributes have changed 
significantly. By day 8, the smell became musty and sour-like; the gills were no longer 
smelling sea-weedy but of neutral odour and gills colour became faded and discoloured. 
Correspondingly, this culminated with increase in the production o f T V B - N and T M A . 
Equally evident is the increases from log 4 to log 6 cfu/g for T V B and proteolytic 
microorganisms and from log 2 to log 5 cfu/g for H2S-producing microorganisms. The 
sensory rejection o f mackerel fish on day 8 is associated with the increase o f proteolytic 
and H2S-producing bacteria. This is crucial as it indicated the beginning o f changes in 
the state o f mackerel quality which is attributed to faster rate o f autolysis leading to 
increased enzymatic and microbial activities. It was also within the l imit o f 
acceptability o f T M A in pelagic fish as established by (Ababouch 1996). 
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The sensory quality attributes during the later part o f icing storage indicated the state o f 
the fish as being stale with a dull skin and floppy muscle. The eyes tumed cloudy, 
sunken and concave in shape. The productions o f T V B - N and T M A have reached levels 
exceeding the acceptable limits. Also, the growth o f proteolytic and H2S-producing 
microorganisms has increased to levels above the acceptable limit established by the 
ICMSF. 
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5,4 Conclusion 
The scores for individual quality attributes included in the Q I M scheme increased at 
different rates with storage time in ice but a linear relationship with high coefficient o f 
determination was obtained between Q l and storage time in ice. The high coefficient o f 
determination between Q l and storage time in ice w i l l make it possible to predict the 
storage time in ice. Also, this information could be utilised directly for assessment with 
Q I M to be used in production and quality management. A comparison o f the sensory 
and T M A data obtained in this study indicated that the l imit o f acceptability for 
mackerel {Scomber scombnts) can be 8.5-10 mgN/lOOg T M A . However, further 
research is needed to include other fishing species before established standards based on 
T M A can be adopted. 
H2S-producing microorganisms and proteolytic bacteria seemed to play an important 
role during the later stages o f the spoilage process o f mackerel fish. The 8 days shelf life 
o f mackerel samples, as determined by sensory evaluation, was also reflected in the 
microbiological results. The sensory, microbiological and T M A methods provided 
useful information that can be used to evaluate the safety and quality of the mackerel 
fish {Scomber scombrus). The Q I M used for sensory analysis o f mackerel fish in this 
study worked well and the attributes studied could be confidently used in evaluating 
mackerel fish freshness. Sensory methods are cheap, fast and reliable but they require a 
well trained sensory panel. Microbiological and chemical methods are also useful and 
can be used in the seafood industry to strengthen the quality management programme 
(QMP) which incorporates good manufacturing practices (GMPs) HACCP principles. 
Further research work on the determination o f biogenic amines as quality control 
indices in mackerel fish stored under different temperature conditions was conducted 
and is reported in the following chapter. 
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C H A P T E R 6 
6.0 The effect of storage temperature on biogenic amines formation and 
microbial growth in mackerel fish (Scomber scombrits) 
6.1 Introduction 
The level o f biogenic amines in foods is relevant for two main reasons. The first and 
most important is their potential toxicity; and the second is the potential to use them as 
quality control indices. Therefore, simultaneous detection o f histamine and other 
biogenic amines in certain fish species has become important for human health and food 
safety (Ljerka et ai 2009). However, information on using biogenic amines as 
indicators for seafood quality assessment is limited (Du et ai 2002). Amines such as 
pulrescine (PUT), cadaverine (CAD), spermidine (SPD), spermine (SPM), histamine 
(HIS), tyramine (TYR) and tryptamine (TRY) are low molecular weight compounds 
(Shalaby 1996). At low concentrations, biogenic amines are essential for many 
physiological functions (Eliassen, Reistad, Risoen & Ronning 2002). However, 
ingestion o f large amounts may result in health problems (Innocente, Biasutti, Padovese 
& Moret 2007). Biogenic amines are considered to be endogenous to some foods 
originating from plants, such as fruits and vegetables and are formed in other foods as a 
result o f microbial action during aging and storage. Foods that are likely to contain 
biogenic amines include meat products, eggs, cheeses, fermented vegetables, soya bean 
products, beers, wines, fish and fish products. Fish are a rich source of high quality 
protein, healthy polyunsaturated fatty acids and essential vitamins. The high content o f 
proteins in fish represents a risk in decomposition processes (Kxizek, Vacha, Vorlova, 
Lukasova & Cupakova 2004). In fish, biogenic amines are formed during spoilage by 
bacterial decarboxylation o f free amino acids (Mendes 1999). The hydrolysis o f proteins 
yields peptides and amino acids, which are susceptible to further decay, resulting in 
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biogenic amines formation that can be widely distributed in proteinaceous foods (Krizek 
etai 2004). 
There are many factors which influence the formation o f biogenic amines in foods. 
These include the availability o f free amino acids, the presence o f micro-organisms that 
are able to decarboxylate amino acids, the favourable conditions of , such 
microorganisms for the growth and production o f enzymes (Shalaby 1996). The amount 
and type o f amine formed is highly influenced by the composition o f the food, microbial 
flora and several other parameters such as temperature, ripening and packaging (Halasz 
et al. 1994a). Temperature largely determines the rate o f microbial growth and activity 
and it is regarded as the main cause o f spoilage o f fresh and minimally processed fish 
product, and therefore constitutes the determining parameter for shelf life under GHPs 
(Taoukis, Koutsoumanis & Nychas 1999). 
Scombroid poisoning is caused by the consumption o f fish that contain hazardous levels 
o f histamine (Cli f ford, Walker, Ijomah, Wright, Murray & Hardy 1991, Morrow, 
Margolies, Rowland & Roberts 1991, Russell & Maretic 1986). It is mainly associated 
with scombroid fish species, such as mackerel, tuna, and non-scombroid species such as 
sardines, anchovies, marlin, herring, which contain high levels o f free histidine in the 
fish muscle (Silva, Da Ponte & Enes Dapkevicius 1998, Taylor et al. 1989). 
6.2 Objective of the study 
The fish muscle is the final product that most o f the consumers are interested in. The 
objectives o f this study were to monitor the changes in the levels o f selected biogenic 
amines (TRY, C A D , PUT, HIS, TYR, SPM and SPD) and the microbial growth in 
mackerel fish caught o f f the coast o f Plymouth and to determine how different storage 
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temperatures can affect and influence the formation o f biogenic amines and growth o f 
micro-organisms. Additionally, the usefulness o f these as indicators o f fish 
decomposition was evaluated. The expected outcome was to provide an understanding 
o f biogenic amines development and generate information supportive of fish quality 
indicators and improved product management. 
6.3 Materials and methods 
6.3.1 Fish samples 
Whole mackerel fish caught with handline were obtained from Plymouth fish market 
within 24 hours after catch. The fish were filleted by a commercial operator at the 
Sutton Harbour, put in polystyrene boxes and transported on ice to the laboratory. On 
arrival, three fish fillets were randomly selected and used as samples for 
microbiological and biogenic amines analysis. The rest o f the samples were divided at 
random into three treatments and stored under defined environmental conditions 
including those simulating actual tropical temperature setting o f O '^C, 25**C and 35**C 
respectively. These temperatures were selected because they represent, conditions at 
processing or sale to the consumer, a moderately cool temperature representative o f 
conditions when icing and refrigeration are employed and at high temperature when 
icing and refrigeration are not used or are lacking as it may be the case in some 
developing countries. Care was taken to minimise bacterial contamination f rom benches 
and equipment used in the sample preparation. To this effect, knives, chopping boards 
were sterilised in an autoclave prior to use. A solution o f 85 % methanol was always 
used to clean equipment and surfaces. Sterile latex gloves were worn at all times. 
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6.3.1.1 Fish samples stored at O'^ C temperature 
The fish fillets were maintained in ice and stored between as required by EU 
regulation (EC 853/2004). Three samples o f the fillets were taken from storage on every 
sampling day for quantifying the growth o f microorganisms and the determination o f 
biogenic amines contents. 
6.3.1.2 Fish samples stored at 25^C temperature 
Samples were stored in an incubator set at 25°C. A t appropriate time intervals o f 12 
hours (h), three samples were taken for chemical (biogenic amines) and microbial 
growth analyses to allow for an efficient kinetic analysis for chemical quality and 
microbial growth. 
6.3.1.3 Fish samples stored at 35°C temperature 
Samples o f fish fillets were also stored in high-precision low-iemperature incubator set 
at 35°C and at appropriate time intervals o f 12 hours (h), three samples were taken for 
chemical (biogenic amines) and microbial growth analyses. The samples remained in 
the incubator for the whole period of the experiment. 
6.3.2 Microbiological Evaluation 
From each storage temperature, 25 g of the fish fillets were aseptically transferred to a 
stomacher bag (Seward Medical. London, United KJngdom); 225 mL o f 0.1% peptone 
water with 0.85% (w/v) NaCI was added and the mixture homogenised for 60 s with a 
stomacher (Lab Blender 400; Seward). A serial dilution was prepared from each o f the 
sample groupings for microbiological analysis. 
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6.3.2.1 Microbiological media 
The following microbiological media were used: 
- Tryptone Soya Agar (TSA) was used for the enumeration o f total viable 
bacterial counts. 
iron Agar ( l A ) was used for the enumeration o f H2S-producing bacteria capable 
of forming black colonies. 
- Centrimide Fusidin Cephaloridine (CFC) was used for enumeration o f 
Pseudomonads. 
- Tryptone Soya Agar/Violet Red Bile Glucose Agar (TSA/VRBG) was used for 
enumeration o f the Enterobacteriaceae obtained from Sigma-Aldrich; and TSA, 
IA and CFC were obtained from Fisher Scientific. 
6.3.3 Determination of Biogenic Amines 
6.3.3.1 Sample preparation 
10 g sample o f the fish fillets from each treatment and for each sampling period was 
weighed and 500 ^ L o f internal standard (1,7 diaminoheplane) was added and 
homogenised in 40 ml o f 0.4 M perchloric acid with an ultra-turrax blender (Ultra-
Turrax T8, IKA Labotechnik, Germany). The homogenate was centrifuged at 3000 x g 
for 10 minutes and the supernatant filtered using Whatman no. 1 filter paper. The 
sample extraction procedure was repeated by adding 10 ml o f 0.4 M perchloric acid 
solution and thoroughly mixed using vortex mixer (Model MS2 minishaker, IKA) . The 
homogenate was centrifuged as before and the supernatant combined and adjusted to 
100 ml with 0.4 M perchloric acid (Eerola 1993). The extracted samples were stored 
frozen until analysis in January/February 2009 at Leon University, Spain. 
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6.3.3.2 Apparatus 
High-performance liquid chromatography (HPLC) was performed using computer 
software Millennium 3.05 (Waters Corporation, 1998). Peaks were detected at 254 nm 
with Dual X Absorbance detector (Waters 2487) and a separation module (Waters 
2690). A reverse-phase d g Waters Spherisorb ODS-2, 5^m particle diameter and RP-
18 guard column was used. 
6.3.3.3 Reagents 
Biogenic amines standards (tryplamine hydrochloride, putrescine dihydrochloride, 
cadaverine dihydrochloride, 2-phenylethylamine hydrochloride, spermidine 
trihydrochloride, spermine letrahydrochloride, histamine dihydrochloride and lyramine 
hydrochloride) were purchased from Sigma-Aldrich, Poole, Dorset, UK. Acetonitrile 
and ammonium acetate 0.1 M HPLC grade water were purchased from Philip Harris 
Scientific, Lichfield, Staffordshire, UlC (Ozogul, Taylor, Quantick & Ozogul 2002). 
6.3.3.4 Preparation of standard amine solution- stock solution 
For the preparation of the stock solution, tryptamine hydrochloride (122.8 mg), 
putrescine dihydrochloride (182.9 mg), cadaverine dihydrochloride (171.4 mg), 2-
phenylethylamine hydrochloride (130.1 mg), spermidine trihydrochloride (175.3 mg), 
spermine tetrahydrochloride (172.0 mg), histamine dihydrochloride (165.7 mg), 
tyramine hydrochloride (126.7 mg) and 1,7 diaminoheptane (161.7 mg) were dissolved 
separately in 25 ml of milli Q water. 
A pool solution was prepared by the addition of 8.33 mL of tryptamine, 7.14 mL of 
phenylethylamine, 5.56 mL of putrescine, 5.56 mL of cadaverine, 6.25 mL of histamine, 
8,33 mL of serotonine, 8.33 mL of tyramine, 8.33 mL of spermidine, 4.17 mL of 
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spemiine and 3.85 mL of 1,7 diaminoheptane. A total of 57.52 mL of the pool solution 
was obtained and made up to a final volume of 100 mL with the addition of 42.42 mL 
of milli Q water. From the pool solution, 0.5 mL, 1.0 mL, 2.0 mL and 4.0 mL were 
measured in duplicate and 0.5 mL of 1,7 diaminoheptane was added into each solution. 
The final volume of each solution was made-up to 50 mL by the addition of 0.4 M 
perchloric acid. 
6.3.3.5 Derivatisation procedure 
For the derivatisation procedure, 4 standard amines solution of 0.5 mL, 1.0 mL, 2.0 mL 
and 4.0 mL were measured in duplicate from the pool, 1 mL of the sample in duplicate 
and 1 mL of 0.4 M perchloric acid as control were prepared. To each of the tubes, 200 
^ L of 2N sodium hydroxide (NaOH) was added to make the solution basic, and 300 ^ L 
of sodium bicarbonate was also measured and put to into each of the tubes in order to 
keep the pH constant during the reaction. However, for linking the amines and allowing 
detection, 2 mL of dansyl chloride was added and the tubes were put into a water bath 
(Model Laborota 4000, Heidolph, Germany) for 45 min at 45**C. This allowed the 
reaction between amines and dansyl chloride to take place in a basic environment. After 
45 min, the nabes were allowed to cool in cold water and 100 \iL of 25% ammonium 
hydoxide (NH4OH) was added to react with any excess dansyl chloride. The tubes were 
kept in darkness for 30 min and after, 1.4 mL of acetonitrile was added and the samples 
filtered into the chromatographic vial. Acetonitrile was added to make the sample 
similar to the mobile phase as it is a mixture of acetonitrile and water solution. Any time 
a reagent was added, the solution was thoroughly mixed using a vortex mixer (Model 
MS2 minishaker, IKA) . 
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6.3.3.6 Chromatographic conditions 
Chromatographic separation was performed using continuous gradient elution wi th 
acetonitrile (eluent A ) and ammonium acetate 0.1 M (eluent B). The gradient started at 
50 % acetonitrile and increased to 90% in 19 minutes. Flow rate, 1.0 mL/min ; column 
temperature was 40°C; 20 [iL o f sample was injected and the column effiuent was 
monitored at 254 nm with 550 nm as reference. Table 29 is showing HPLC gradient 
profile for separation o f dansyl derivatives o f biogenic amines (Eerola 1993). 
Table 29 : HPLC gradient profile for separation o f biogenic amines 
Time (min) 
Mobile phase composition (%) 
Acetonitrile (A) H P L C gradient water (B) Flow rate ( m L min'*) 
0 50 50 1.0 
19 90 10 1.0 
25 50 50 1.0 
A calibration curve for each o f the amines in the range o f 0-50 j ig/mL was prepared. 
The correlation coefficient (r) o f peak areas against amines standard concentrations for 
each compound was calculated after injecting duplicates o f each standard solution o f 
amine (Eerola 1993, Ozogul et al. 2002). 
6.3.4 Statistical analysis 
The data obtained was subjected to analysis o f variance ( A N O V A ) . The least significant 
difference (LSD) procedure o f Minitab 15 software was used to test for differences 
between the means. Pearson correlation coefficients were used as measures o f 
association. Results o f microbiological analysis data were transformed into logarithm 
before analyses and reported as mean values ± standard error. Results o f chemical 
analyses were reported as mean values ± standard error. A P value of <0.05 was 
considered to be significant. 
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6.4 Results 
6.4.1 The effect of temperature on biogenic amines formation on mackerel fish 
fillets stored at 0"C 
Changes in mean biogenic amines contents during storage at 0°C, 25°C and 35°C were 
calculated and shown in Tables 30, 32 and 34 respectively. The storage periods were 
extended from day I to day 17 well beyond the accepted edibility times in order to 
provide a fu l l picture on the production o f these amines in mackerel fish fillets from the 
fresh to the putrid state. Putrescine, cadaverine and histamine were not detected in the 
samples after the first 24 h of storage. The absence o f these amines (putrescine, 
cadaverine and histamine) in day one samples could be taken as an indication the fish 
samples were fresh and o f wholesome quality. This might jus t i fy also using these three 
amines in quality control indices. Histamine, which is one o f the most important 
biogenic amines in terms o f seafood safety assessment, was not detected at 0°C chilled 
storage during the whole sampling trial (Table 30). However, tryptamine, tyramine 
spermidine and spermine were detected within the same period following post-harvest 
catching and handling. A t 0°C, tyramine, putrescine and spermidine levels reached 17.3 
± 0 . 1 , 16.5 ± 0.1 and 14.5 ± 0.4 mg/kg respectively. The effect o f storage temperature 
on the production of biogenic amines over the sampling period was determined by 
performing one-way A N O V A . The F-test result for 0°C samples showed a highly 
significant difference (P<0.001) between the means. 
The LSD for all the different amines have been calculated and means with different 
letters are at least significant at (P<0.05). The LSD values o f the amines obtained at 0, 
25 and 35°C are shown on Tables 24, 26 and 28 for comparison. 
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Table 30 : Storage and time effect on biogenic amines on mackerel fish fillets stored at 
0°C 
Time Biogenic amines (iVlean (mg/kg) ± S E ) 
(Days) T r y Put Cad His T y r Spd Spm 
1 3 . 7 ' ± 3 . 7 N D Nd Nd 24. r ± 1.0 14.5" ± 0 . 1 4.3^ ± 0 . 5 
3 9.7 ' '± 1.2 3.3°± 1.2 7,00" ± 0.2 Nd 1 I . 0 "± 1.4 10.8" ± 0 . 5 1 .0"±0.0 
5 Nd 7.9" ± 0.3 20.7" ± 0 . 1 Nd 3 5 . 4 ' ± 0 . 2 2 4 . 0 ' ± 0 . 2 0.5" ± 0 . 5 
8 5.5'± 5.5 2 . 8 ' ± 2 . 8 3.4*^  ± 0.2 Nd 1 0 . l " ± 2 . 7 I 0 . 0 " ± 0 . 9 Nd 
10 2 .8 ' ' ±2 .8 1.8** ± 0 . 0 Nd Nd 3 5 . 5 ' ± 7 . 5 2 4 . 2 ' ± 4 . 0 1.5'" ± 0 . 3 
12 6.8"± 1.0 1.9** ± 0 . 9 N D Nd 9.5" ± 0 . 0 1 9.8" ± 1.7 Nd 
15 6 . 7 ' ± 0 . 0 3.3" ± 0 . 1 Nd Nd 25.2* '±0.8 26.8*' ± 0.9 Nd 
17 8.9*'''± 1.6 1 6 . 5 ' ± 0 . 1 6.7'' ± 0.5 Nd 1 7 . 3 ' ± 0 . 1 14.5" ± 0 . 4 1.6'" ± 0 . 2 
LSD 5%: Try= 0.86; Put= 0.94; Cad= 1.09; His= 0.68; Tyr= 1.51; Spd= 1.11; Spm= 
0.72 
Try= Tryptamine; Put= Putrescene; Cad= Cadaverine; His= Histamine; Tyr= Tyramine; 
Spd= Spermidine; Spm= Spermine; Nd= Not detected 
"Means in the same column bearing different letters indicate significance at 5% 
The Pearson correlation co-efficient (r) was calculated to measure the degree o f 
relationship between the formation o f biogenic amines at 0°C storage and different days 
o f sampling. The r values started to be positive and not-significant for day I and 3 (r= 
0.28; P>0.05), turning to be positive and significant for day I and day 5 (r= 0.51; 
P<0.05) and positive and highly significant for day 12 and day 15 (r= 0.88; (P<0.001). 
The other correlation co-efficients were generally negative and non-significant (Table 
31). This consistency of negative correlations, though not significant, might show that 
as storage time progressed, an inverse correlation between storage time and biogenic 
amine production was noted. 
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Table 31 : Pearson correlation co-efFicient (r) on the degree o f relationship between 
biogenic amines formation and storage time (days) at 0°C 
Days/Amines 1 3 5 8 10 12 15 
3 0.278 
(0.298) 
5 0.508 0.090 
(0.045) (0.741) 
8 -0.247 -0.282 0.476 
(0.356) (0.289) (0.062) 
10 . . . . 
12 -0.079 -0.457 0.004 0.299 
(0.771) (0.075) (0.989) (0.261) -
15 0.206 -0.311 0.038 0.187 0.883 
(0.443) (0.242) (0.888) (0.487) - (0.000) 
17 -0.451 -0.089 -0.096 -0.200 0.200 -0.082 
(0.079) (0.743) (0.724) (0.458) - (0.459) (0.764) 
To quantify the same relationship between biogenic amines formation and days o f icing 
storage, the regression co-efficient (b) was calculated for amines over days o f storage. 
The regression of putrescine over storage time was significant (b= 0.53mg/kg/days; 
P<0.05). The regressions o f other biogenic amines were not significant (P> 0,05). There 
was no trend in the formation o f histamine at 0°C storage temperature because it was 
not detected. 
6.4.2 The effect of temperature on biogenic amines formation on mackerel fish 
fillets stored at 25°C 
The difference in the effect o f 25°C storage temperature on the biogenic content levels 
o f both spermine and iryptamine over the storage period was significant (P<0.05) only 
after 84 h (Table 32). The initial spermine content was 4.3 ± 0.5 mg/kg which was 
reduced to 0.6 ± 0.6 mg/kg at 84 h as storage progressed; it was not detected during 96 h 
storage. The effect o f storage time at this temperature was highly significant (P<0.001) 
throughout the experimental period o f 96 hours (Table 26). Cadaverine and putrescine 
started to be detected after 36 h o f storage and the trend in production o f these amines 
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continued until the end o f the trial. Production o f histamine during storage at 25°C 
increased rapidly between sampling time intervals. Maximum levels o f histamine (1906 
± 9.9 mg/kg), cadaverine (860.0 ± 5.8 mg/kg) and pulrescine (236.4 ± 2.7 mg/kg) were 
obtained at 96 h storage, when the conditions o f the fillets have deteriorated to a level 
unfit for human consumption. 
Table 32 : Storage and time effect on biogenic amines mean ± SE in mg/kg on mackerel 
fish fillets stored at 25°C 
Time Biogenic amines (Mean (mg/kg) ± SE) 
(hrs) Try Put Cad His Tyr Spd Spm 
24 3.7°±3.7 Nd Nd Nd 2 4 . r ± 1.0 14.5°±0.1 4 . 3 ° ± a 5 
36 3.4''± 3.4 9.6° ± 0.1 21.4" ± 0.4 26.0" ± 0.1 41.9*'± 2.0 29.2^ ± 0.3 0.8"± 0.8 
48 6.5"± 6.5 33.3''± 0.8 87.5" ± 1.8 705.4" ± 1.3 57.4^± 0.4 40.0*^  ± 2.3 3.6"± 3.6 
60 9.2"±0.5 43.2''±0.4 102.8'±0.3 904.4'^ ± 12.8 45.6'^± 2.0 10.2*^^6.2 Nd 
72 6.2"±0.1 77.4'±0 .6 202.4''± 1.7 1792.1'^i 22.7 52.2''±2.1 3.5^± 0.4 1.4''±0.2 
84 14.6*'±0.2 149.1^±0,8 595.2"± 1.8 i314,8 '±3- l 54.6*^±0.7 0.3 '±0.4 0.6^±0.6 
96 12.5^ ±0 .8 236.4"±2.7 860.0^± 5.8 1906.0^i:9.9 58.0*^ ^ 1.8 Nd Nd 
LSD 5%: Try= 3.62; Put= 12.24; Cad= 45.27; His= 105.48; Tyr= 3.90; Spd= 4.14; 
Spm= 3.56 
Try= Tryptamine; Put= Putrescine; Cad= Cadaverine; His= Histamine; T y r = Tyramine; 
Spd= Spermidine and Spm= Spermine 
Nd= Not detected 
"Means in the same column bearing different letters are significantly (P< 0.05) different. 
The one-way A N O V A and the F-test on biogenic amines formation at 25°C shows 
highly significant differences (P< 0.00!) over storage time for histamine production (F= 
5292, P< 0.001) with an r^  o f 99.96%. The same lest showed no significant differences 
in the production o f the other biogenic amines with storage time. 
The correlation co-efficient (r) between biogenic amines formation at 25°C storage and 
different days o f sampling was positive and highly significant (P< 0.001) at 24, 36, 48, 
60 and 72 h. The relationship was generally negative and non-significant (P>0.05) 
between 84 and 96 h o f storage. The r values are shown in Table 33. 
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Table 33 : Pearson correlation co-efficient (r) on the degree o f biogenic amines 
formation and storage time (hours) at 25°C 
Days/Amines 24 36 48 60 72 84 96 
24 0.693 
(0.006) 
36 0.929 
(0.000) 
0.669 
(0.009) 
48 0. 898 
(0.000) 
0.685 
(0.007) 
0.993 
(0.000) 
60 0.938 
(0.000) 
0.555 
(0.039) 
0,823 
(0.000) 
0.761 
(0.002) 
72 0.778 0.478 0.643 0.602 0.743 
(0.001) (0.084) (0.013) (0.023) (0.002) 
84 -0.682 -0.457 -0.660 - 0.647 -0.666 -0.100 
(0.007) (0.101) (0.010) (0.012) (0.009) (0.733) 
96 -0.513 0.019 -0.431 - 0.407 -0. 397 -0.361 0.433 
(0.061) (0.947) (0.124) (0.149) (0.160) (0.204) (0.122) 
The regression co-efficient (b) was calculated to find out the quantitative relationship 
between time in hours o f storage at 25**C and biogenic amines production. Results show 
a highly significant difference (P< 0.001) for the production o f all the biogenic amines 
over storage time with the exception o f spermine. The correlation o f histamine over 
time was statistically highly significant (P< 0.001) with an F value o f 87.46. 
6.4.3 The effect of temperature on biogenic amines formation on mackerel fish 
fillets stored at35'*C 
Mean biogenic amines produced at 35°C storage temperature over 96 h are contained in 
Table 34. The production o f spermidine and spermine was not significant; tryptamine 
formation was only significantly higher at 96 h storage. Histamine and cadaverine were 
not detected during 24 h o f initial storage. The one-way A N O V A test for differences in 
histamine production over storage time was highly significant (P< 0.001) w i t h an F- lest 
value o f 10544 and an r^  o f 99.98%. 
156 
Effect o f storage temperature on biogenic amine formation and microbial growth 
Mackerel fillets stored at 25**C had higher levels o f histamine and cadaverine than 35°C 
samples. However, at 35°C storage, there was a significant decrease in histamine 
formation from 48 to 60 h and between 84 and 96 h storage samples. While at 25**C 
storage, a significant decline in histamine level occurred in the samples stored between 
72 and 84 h respectively. The maximum level o f histamine production at 35°C was 
obtained in 48 h and the amount produced was 967 mg/kg (Table 28). The difference in 
histamine content between 25 and 35**C was almost 3 fo ld at 96 h storage; and the 
production o f this amine at both storage temperatures (25^C and 35**C) was highly 
significant (P<0.001). These results suggest that the time and storage temperatures are 
important determinant factors necessary for the formation o f histamine in mackerel fish. 
Despite the low levels o f putrescine in mackerel fish fillets after 36 h o f storage shown 
in Table 34, the amount o f putrescine and cadaverine levels obtained during 35°C 
storage have gradually increased from 117 to 412 and from 5 to 366 mg/kg respectively. 
A general trend o f increase in the production o f putrescine and cadaverine was observed 
for both 25 and 35°C storage temperatures. However, higher levels o f putrescine were 
obtained in the samples stored at 35*'C (412 mg/kg) than at 25°C (236 mg/kg). The trend 
in the increase o f putrescine and cadaverine could indicate the potential use o f these two 
amines as quality control indices. Another important observation from the results was 
the non-detection o f spermidine and spermine at the end o f the experiment. This is true 
for both 25 and 35°C storage samples. The non-detection o f these two amines may 
suggest that they are not associated with and are not important biogenic amines in terms 
o f their potential use in the assessment o f mackerel fish fillets safety. 
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Table 34 : Storage and time effect on biogenic amines contents (mean ± SE in mg/kg) of mackerel fish fillets stored at 35"C 
Time (hours) Biogenic Amines 
Try Put Cad His Tyr Spd Spni 
24 3.7" ± 3 . 7 Nd Nd Nd 2 4 . r ± 1.0 14.5° ±0.1 4.3" ± 0 . 5 
36 Nd Nd 5 .14 '±0 .01 6.6" ± 0 . 4 34.l ' '± 1.0 26.9'*± 1.2 I0.3''± 8.7 
48 27 .8 ' ' ±3 .8 117.0"±0.1 60 .1 ' '±5 .4 966.8''± 4.7 1 1 3 . r ± 4 . 2 12.5"± 1.4 1.9" ± 0 . 1 
60 33.7" ± 2 . 5 201.0''± 1.3 152 .r± 1.4 830.9'± 8.1 148.3''± 13.5 3.2'± 0.4 2.1" ± 0 . 0 
72 44.0 '± 0.4 226.0'± I.O 139.6*^  ± 0 . 8 850.2 '±3.4 8 3 . r ± 0 . 2 Nd Nd 
84 68.0** ± 3 . 8 318.6^±0.6 215.8^ ± 0 . 5 829.8'^± 1.0 93.4*'± 1.0 Nd 0.7" ± 0 . 7 
96 144.r*±2.6 41I .6"±2.4 366.0'^±2.6 643.9'*±3.5 87.3"^±0.7 Nd Nd 
LSD 5%: Try= 7.60; Put= 21.47; Cad= 18.07; His= 56.34; Tyr= 6.93; Spd= 3.80; Spm= 3.60 
Try=Tryptamine; Put=Putrescine; Cad= Cadaverine; His= Histamine; Tyr= Tyramine; 
Spd= Spennidine and Spm= Spennine 
Nd= Not detected 
"Means in the same column bearing different letters are significantly (P< 0.05) different. 
158 
Effect o f storage temperature on biogenic amine formation and microbial growth 
The Pearson correlation co-efficient (r) on the relationship between biogenic amines 
formation and storage time are presented in Table 35. The r started to be positive and 
highly significant (P< 0.001) for 24, 36 and 48 h. It was positive and significant (P< 
0.05) at 60 h. 
Table 35 : Pearson correlation co-efficient (r) on the level o f biogenic amines formation 
and storage time (hours) at 35°C 
Days/Amines 24 36 48 60 72 84 96 
24 0.898 
(0.000) 
36 0.986 
(0.000) 
0.927 
(0.000) 
48 0. 951 
(0.000) 
0.972 
(0.000) 
0.976 
(0.000) 
60 0.649 
(0.012) 
0.482 
(0.127) 
0.654 
(0.011) 
0.513 
(0.061) 
72 0.493 0.319 0.529 0.443 0.865 
(0.073) (0.267) (0.052) (0.113) (0.000) 
84 -0.821 -0.691 -0.865 -0.783 -0.738 -0.593 
(0.000) (0.006) (0.000) (0.001) (0.003) (0.025) 
96 -0.514 -0.464 -0.558 -0.492 -0. 569 -0. 431 0.643 
(0.060) (0.095) (0.038) (0.074) (0.034) (0.124) (0.013) 
6.4.4 Comparison of histamine development and growth of 
Enterobacteriaceae at 0"C 
The storage of mackerel fish fillets at 0°C temperature over 17 days has no significant 
effect on the formation o f histamine (none detected) but it has a highly significant (P< 
0.001) effect on the growth o f Enterobacteriaceae microbes (Figure 29). One-way 
A N O V A results on the growth o f Enterobacteriaceae over storage lime have shown that 
the counts obtained from days I , 3 and 5 respectively were significantly (P< 0.001) 
different from each other. There was no significant difference in the counts for days 8 
and 10. This result suggests that the deterioration in mackerel fillets quality as a 
consequence of microbial activity started at day 8 and al day 10 the fillets have reached 
159 
Effect o f storage temperature on biogenic amine formation and microbial growth 
their storage shelf life in ice. Similarly, the counts for days 12, 15 and 17 were not 
significantly different. The indifference in the growth of Enterobacteriaceae during the 
last three sampling days might be associated with the bacteria reaching maximum 
growth and stationary phase in their l ife cycle. 
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Figure 29 : The effect o f storage and time on the growth o f Enterobacteriaceae and 
histamine formation in mackerel fish stored at 0°C 
6.4.5 Comparison of histamine development and growth of 
Enterobacteriaceae at 25°C 
Figure 30 presents histamine production and growth o f Enterobacteriaceae in fillets o f 
mackerel stored at 25°C. The results indicate that when the mean histamine level was 26 
mg/kg during the first 36 h o f storage, the mean count or growth o f microorganisms 
capable o f decarboxylating histidine to histamine was almost 5 logio cfu/g on the fish 
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fillets. There was a general trend o f increase on the growth o f the Enterobacteriaceae up 
to 84 h o f storage time. The growth of Enterobacteriacea between 84 and 96 h o f storage 
was not significant. Also, the production o f histamine has been on the increase and 
during 72 h o f storage, the mean histamine content was 1792 mg/kg and microbial 
growth was nearly 11 logio cfu/g on the fish fillets, A highly significant (P< 0.001) 
decrease in histamine content from 1792 mg/kg to 1315 mg/kg was obtained between 
72 and 84 h storage. At the end o f storage, the histamine content has increased to 1906 
mg/kg and growth o f Enterobacteriaceae reached 11,5 logio cfu/g. 
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Figure 30 : Changes in the growth o f Enterobacteriaceae and histamine formation in 
mackerel fish during storage at 25°C 
6.4.6 Comparison of histamine development and growth of 
Enterobacteriaceae at 35"C 
The changes in histamine production and growth o f Enterobacteriaceae in mackerel 
fillets stored at 35°C are shown in Figure 31 . The results show that when the mean 
histamine level was 26 mg/kg at 36 h, the mean count and/or growth o f microorganisms 
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capable o f decarboxylating histidine to histamine was 5.3 logio cfi i /g on the fish fillets. 
There was a general trend of increase in the growth o f the Enterobacteriaceae over the 
entire storage time. The difference in the growth o f Enterobacteriaceae between 84 and 
96 h was 1.3 logio cfu/g. Also, the production o f histamine has increased and reached 
peak production level at 48 h with mean histamine content o f 962.1 mg/kg and 
microbial growth reached 7.6 logio cfu/g on the fish fillets, A highly significant (P< 
0.001) decrease in histamine content from 962.1 mg/kg to 822.7 mg/kg could be 
observed between 48 and 60 h storage. There was no significant difference i n histamine 
levels from 60 to 84 h storage but there was a significant difference beUveen 84 and 96 
h. At the end o f storage, the histamine content has decreased to 640.4 mg/kg and growth 
o f Enterobacteriaceae increased and reached level o f 12.5 logio cfu/g. 
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Figure 31 : Changes in the growth o f Enterobacteriaceae and histamine formation in 
mackerel fish during storage at 35°C 
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6.4.7 Microbiological status during Storage at °QC 
Table 36 shows mesophilic and psychrotrophic bacterial counts during storage at 0°C. 
The initial microbiological count for psychrotrophic APC on mackerel fish, filleted one 
day post-catch was log 4.40 ± 0.02 cfu/g. This result clearly indicates that the initial 
quality o f mackerel fish fillets obtained from the Sutton Harbour was of considerable 
good quality and within the acceptable range recommended by the ICMSF. However, 
changes in the microbiological quality o f the fillets progressed faster with mean log 
counts o f 7.38 ± 0.02 and 7.56 ± 0.02 cfu/g obtained between 5 to 10 days in icing 
storage. The APC for psychrotrophic microorganisms increased with storage time and at 
the end o f the 17 days o f trial, a higher average count o f log 9.80 ± 0.01 cfu/g was 
obtained and; by which time the fillets have passed the acceptable microbiological 
limits and have been declared unfit for human consumption. 
The initial load o f spoilage bacteria differed between genera, with Enterobacleriaceae 
being the highest (log 4.13 ± 0.01 cfu/g) and H2S-producing bacteria at the lowest level 
o f log 3.64 ± 0.1 cfu/g. The increase in growth o f H2S -producers and 
Enterobacteriaceae between day 1 and day 3 was significant (P< 0.05) while it was not 
significant for APC and Pseudomonas spp. during the same period o f storage (Table 
36). At the end o f the experiment, H2S-producing bacteria were the dominant microflora 
reaching a count o f log 10.27 ± 0.004 cfu/g. The fact that H2S-producing bacteria were 
the dominant spoilage microflora at the end o f O'^ C storage, suggests that these genera 
may contribute considerably to the overall spoilage o f aerobically stored mackerel 
fillets. Growth o f Pseudomonas spp. steadily increased throughout the storage period. 
There were no significant differences in growth o f all the microorganisms enumerated 
and/or grown on all the different culture media between day 15 and day 17 respectively. 
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This could be a probable indication that the fillets attained the same level o f spoilage 
within the same period. 
Table 36 : The effect of storage temperature on the growth o f microorganisms in 
mackerel fish stored at 0°C (Log cfu/g ± SD) 
Storage 
time (Days) 
A P C H2S Enterobacteriaceae Pseudomonas 
1 4.40" ± 0.02 3.64" ± 0 . 0 9 4 . 1 3 " ± 0 . 0 1 4 . 1 2 " ± 0 . 1 0 
3 4.48' ± 0.02 4.66** ± 0.26 5.21*'± 0.04 4 . 4 1 " ± 0 . 1 0 
5 7.38*^  ± 0.02 6.62' ± 0.02 7 . 1 7 ' ± 0 . 0 4 5.35^ ± 0 . 0 0 4 
8 7.44** ± 0.07 6 .78c±0 .10 8.61^ ± 0 . 0 0 3 6 . 9 9 ' ± 0 . 0 1 
10 7.56** ± 0.02 8.31^ ± 0 . 0 2 8 .77 ' '±0 .01 7.59** ± 0 . 0 1 
12 8.81' ± 0 . 0 2 9 . 4 6 ' ± 0 . 0 1 9 . 5 3 ' ± 0 . 0 4 8.74' ± 0.05 
15 9.67*^  ± 0 . 1 3 10.24 ' '±0.04 9 . 5 8 ' ± 0 . 0 1 9 .26 ' '±0 .1 l 
17 9.80*^  ± 0 . 0 1 10.27 ' '±0.004 9 . 5 6 ' ± 0 . 0 1 9.31'•±0.02 
LSD 5% for APC= 0.48; LSD 5% for H2S= 0.50; LSD 5% for Enterobacteriaceae= 
0.48; LSD 5% for Pseudomonas = 0.48 
"Means in the same column bearing different letters are significantly (P< 0.05) 
different. 
6.4.8 Microbiological status during Storage at 25 and 35^C 
The differences in mean microbial counts between 24 and 36 h storage times for both 25 
and 35°C temperatures were not significantly different at 5% level. This is also true for 
84 and 96 h storage time and for both storage temperatures respectively. These results 
indicate that the fish fillets were o f similar microbial quality at the initial 36 h and as 
storage time progressed to 84 and 96 h, the fillets reached the same level o f microbial 
spoilage. Growth of H2S-producers was lowest during the initial 24 h (log 3.64 ± 0.09 
cfu/g) and by the end o f the experiment, the proliferation o f this spoilage 
microorganism reached levels o f log 12.46 ± 0.02 and log 12.62 ± 0.01 cfu/g for 25 and 
35°C respectively (Table 37). 
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Table 37 : The effect of 25 and 35''C storage temperatures on the growth of bacteria (log 10 cfu/g ± SD) from APC, H2S-producing 
microorganisms, Enterobacteriaceae and Pseudomonas spp 
Storage Storage time APC I-I2S Enterobacteriaceae Pseudomonas 
temperature (hours) 
24 4.4° ± 0 . 0 2 3.6" ± 0 . 1 4 .1"±0.01 4 . 1 " ± 0 . 1 
36 5.5"±0.01 4.3" ± 0 . 1 4.8" ± 0 . 1 5.5" ± 0 . 0 2 
48 7.5''' ± 0.00 7.5" ± 0 . 0 1 7.4" ± 0.02 7.5"" ± 0.02 
25^ *0 60 8.8" ± 0 . 0 3 8.7" ± 0 . 1 8.4" ± 0 . 0 1 8 . 5 " ' ± 0 . 0 2 
72 10.3*''^  ±0 .01 10 .6" '±0 .04 10.8" ± 0 . 1 9 . 7 " ' ± 0 . 1 
84 12 .3 '±0 .03 11 .3" '±0 .01 11 .4 '±0 .01 10 .6 '±0.03 
96 12 .3 '±0 .01 12 .5" '±0 .02 11 .6 '±0 .03 11.6"* ± 0 . 0 1 
24 4.4" ± 0.02 3.6" ± 0 . 1 4 . r ± 0 . 0 1 4 . 1 " ± 0 . 1 
36 5.6" ± 0 . 0 1 5.2" ± 0 . 0 1 5.3" ± 0 . 0 1 5.5" ± 0 . 0 2 
48 7.6"'' ± 0.03 7.6"" ± 0 . 0 1 7.6"" ± 0 . 0 4 7.6"" ± 0 . 0 0 
35'^ C 60 8.7" ± 0 . 0 2 8.6" ± 0 . 0 2 8.8" ± 0 . 0 1 8.6" ± 0 . 0 1 
72 10 .3" '±0 .03 10 .5" '±0 .1 10 .8" '±0 .1 1 0 . 9 " ' ± 0 . 0 2 
84 11 .5 '±0 .02 11 .5 '±0 .01 1 1 . 2 ' ± 0 . 0 1 10 .8" '±0 .1 
96 12 .5 '±0 .03 12 .6 '±0 .01 1 2 . 5 ' ± 0 . 1 1 1 . 2 ' ± 0 . 0 1 
L S D 5 % : APC=2.35; H2S-producers= 2.35; Enterobacteriaceae= 2.35; Pseudomonas= 2.35 
"•'Means in the same column bearing different letters are significantly (P< 0.05) different. 
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6.5 Discussion 
6.5.1 Biogenic amines production at 0°C temperature 
In the present study, seven biogenic amines were determined namely: Try, Put, Cad, 
His, Tyr, Spd and Spm; whereas agmatine and B-phenylelhylamine were not detected in 
any of the samples during the whole experimental trial. Histamine levels in live seafood 
are generally low, values below I ppm were found in freshly caught scombroid species, 
such as skipjack {Kalsuwonus pelamis) (Thadhani, Jansz & Peiris 2002) or black 
skipjack {Euthynnus lineatus) (Mazonra-Manzano, Pacheco-Aguilar, Diaz-Rojas & 
Lugo-Sanchez 2000) whereas, in non-scombroid fish, such as hake {Merliicciits 
merlucciiis), no histamine was found at all (Ruiz-Capillas & Moral 2001). Histamine 
contamination was mostly recorded in scombroid fish, such as tuna and mackerel 
species. However, in this study, histamine production was not detected in any o f the 
samples examined upon arrival at the laboratory neither on the rest o f the samples stored 
at 0°C for 17 days. A storage temperature o f 0°C was effective in suppressing histamine 
production. The findings in this study agreed with those o f Arnold, Brown and Price 
(1980) who found that histamine did not form in skipjack during storage at 1**C. 
Middlebrooks, Toom, Douglas, Harrison and Mcdowell (1988) found low histamine 
levels o f 0.6mg/kg in Spanish mackerel decomposed at 0°C during a 16 day storage 
trial. Also, Guizani, Al-Busaidy, Molhershaw and Rahman (2005) did not detect 
histamine development in yellowfin tuna at all after up to 17 days storage at O^C. It is 
therefore evident that the rapid chilling o f fish immediately following catch is the most 
important element for preventing the formation o f scombroloxin. Also, results clearly 
highlight the influence o f freshness in terms o f quality, and the conditions o f subsequent 
handling and storage on histamine production. Pons-Sanchez-Cascado et al (2005) 
found no detectable amounts o f histamine in Engraulis encrasicolis obtained from the 
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fish market. Other authors have also not detected histamine in fresh fish including 
sardines, tuna and mackerel (Shakila & Vasundhara 2001, Veciana-Nogues, Vidal-
Carou & Marine-Font 1997). The European Union allows a maximum average value o f 
100 mg/kg o f histamine in fish EC (1991), whereas the Food and Drug Administration 
(FDA) have stipulated a lower level of 50 mg/kg (FDA 1998). During the 17 days 
period in 0°C iced storage, no sample exceeded these limits, even when average 
microbial counts were unacceptably high and reached levels beyond the l imit 
established by the ICMSF. The low level or non-detection o f histamine is consistent 
with some other studies on sardine (Ababouch 1996) and tuna, in which histamine 
accumulation was significantly reduced or totally inhibited when the fish fillets were 
stored in ice. Reduced enzymic activity at low temperature could also result in low 
biogenic amine contents (Lokuruku & Regenstein 2006). Histamine is produced mostly 
by mesophilic Enterobacteriaceae which grow better under elevated temperatures rather 
than the chilling conditions o f icing storage (Hemandez-Herrero, Roig-Sagues, 
Rodrigues-Jerez & Mora-Ventura 1999, Pons-Sanchez-Cascado, Veciana-Nogues, 
Bover-Cid, Marine-Font & Vidal-Carou 2006). The findings o f this investigation have 
shown no relationship between histamine accumulation and Enterobacteriaceae 
development under 0°C storage. Histamine was not detected when Enterobacteriaceae 
counts reached 10^ logiocfu/g, which is the minimum count reported to be able to 
produce significant amounts of histamine (Hemandez-Herrero et al. 1999). The 
formation o f histamine is also influenced by the levels o f histidine, which must be in 
excess o f the normal microbial growth requirement (Eitenmiller, Wallis, Orr & Phillips 
1981). 
Even though histamine is the only biogenic amine for which regulatory requirements 
have been set Hemandez-Herrero et o/ .( l999), the FDA also recommends a 
quantification o f other biogenic amines in fish (FDA 2001). This study is an example o f 
167 
Effect o f storage temperature on biogenic amine formation and microbial growth 
how useful is the recommendation. The levels o f cadaverine and putrescine formation 
under 0*^ C storage were much higher than histamine. A similar finding has been 
reported in chilled storage tuna (Rossi, Lee, Ellis & Pivamik 2001). Although tyramine 
is a biogenic amine more commonly associated with fermentation processes than with 
food spoilage, the levels o f tyramine obtained under 0°C storage trial were generally 
higher than those o f histamine (Pons-Sanchez-Cascado et al. 2006). 
6.5.2 Biogenic amines production at 25 and 35**C temperatures 
Histamine production showed different patterns at 25 and 35^C temperatures with high 
variation indicating the strong effect o f storage temperature on histamine development. 
Variability in histamine formation as shown in Table 31 most likely resulted from 
different storage temperatures, different degrees o f contamination with strong histamine 
producing bacteria and different characteristics e.g. pH. Antoine, Wei, Otvvell, Sims, 
Littell, Hogle & Marshall (2002) observed similar high variation in histamine levels in 
stored Mahi-mahi and attributed it to the uneven distribution o f histamine in the muscle 
tissue. It has been found that there are variations in the formation of histamine and other 
biogenic amines in fish belonging to the same species and o f different regions (Shakila, 
Vijayalakshmi & Jayasekaran 2003). In this study, there are also differences in the 
maximum level o f histamine formation among the different storage temperatures, with 
25°C storage showing the highest histamine content. The chemical composition o f fish, 
spoilage microflora and the climatic and storage conditions are certain parameters 
responsible for such differences in histamine formation. The apparent variation on 
histamine production during 96 h storage was evident in this study and it depended not 
only on sampling time and storage temperature but also on the fish fillets. The time-
course o f histamine production in these two storage temperatures was expected because 
o f the high concentration o f free histidine present in scombroid fish (Ben-Gigirey, 
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Vieilies Baptista de Sousa, Vi l la & Barros-Velazquez 1998). Lorca et al (2001) found 
similar variability o f histamine concentrations in fish belonging to the same batch. 
Considerable variation in histamine levels was also reported (Rogers & Stamszkiewicz 
1997, Sims, Fam & York 1992, Walters 1984) and Antoine et al. (2002) concluded that 
histamine is not considered a reliable fish quality indicator. 
A general trend in the increase of putrescine, cadaverine and histamine contents was 
obtained as decomposition progressed, and, as expected, these amines increased rapidly 
at both 25 and 35°C storage temperatures with some signs o f spoilage indicated after 36 
h. The high levels o f histamine, cadaverine and putrescine at 25°C could indicate the 
appropriate temperature for maximum production o f these amines and also as the most 
important amines in the quality assessment o f mackerel fish. Generally, storing 
mackerel fillets at high temperatures of 25 and 35°C did not seem necessary and 
beneficial toxicologically because elevated amounts o f putrescine, cadaverine and 
histamine were formed. The increase in the production o f these amines is probably more 
associated with the action o f both endogenous and microbial enzymes as well as the 
inftuence of storage temperature. According to Miertz and Karmas (1977) and Pan, 
K.UO, Luo and Yang (1986) increased contents o f histamine, cadaverine and putrescine 
are found in stored Atlantic mackerel and other scombroid fish with an increase in 
storage temperature and time. According to Santos (1996) the formation of histamine is 
very variable and dependent on time, temperature and the type and quantity o f the 
microorganisms present. In this experiment, histamine remained consistently higher 
than all the other biogenic amines irrespective o f 25 or 35*'C storage temperatures. 
Lokuruku and Regenstein (2006) also found similar results with mackerel fish stored at 
1 \°C and indicated that since these three amines tend to increase during storage, they 
can be associated with spoilage and scombrotoxicosis, as both syndromes are 
appropriate to develop simultaneously at this stage o f fish storage. Kerr, Lawicki, 
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Aguirre and Rayner (2002) conducted a similar experiment on the effect o f storage 
conditions on histamine formation in fresh tuna stored at I7°C and found histamine 
content reached 1200 mg/kg after 96 h storage. In this study, the histamine content 
exceeded 1200mg/kg in 72 h at 25''C and did not reach that level for 35**C samples 
throughout the sampling period. This experiment has shown that prime quality mackerel 
fillets may therefore be available for up to 12 h (one day from catch) at 25 and 25°C as 
the action level o f histamine o f 50ppm (FDA 1998) had not been reached at that time. 
Therefore, the fillet samples were relatively safe as far as scombrotoxicity is concerned 
and as long as the initial microbiological quality and subsequent handling was good. 
For samples stored at 25 and 35°C, the initial amine content levels for spermidine and 
spermine were the highest and towards the end o f the trial, these two amines decreased 
to a point that they were not detected in mackerel fillets. This is true for samples stored 
at 25 and 35''C. The initial highest concentrations o f spermidine and spermine are due to 
the physiological function o f live mackerel muscle as these amines are indispensable 
components o f living cells and are important in the regulation o f nucleic acid function 
and protein synthesis (Halasz et a!. 1994a). Also, the insignificant production o f 
spermidine and spermine and the late significant production o f tyramine when the fillets 
were already spoiled sensorically suggest that these amines may not be considered as 
potential quality control indices for mackerel fish. However, for 0°C fillet samples, 
tyramine and spermine contents were initially higher and decreased by day 17. 
According to Baixas-Nogueras et £7/.(200l) spermidine and spermine are normally 
higher in fresh fish than in stored products and tend to decrease with storage time in ice 
stored fish (Miertz & Karmas 1977). The literature on spermidine and spermine 
behaviour during fish storage is contradictory, in that certain authors have reported 
decreasing trends (Koutsoumanis, Lampropoulou & Nychas 1999, Miertz & Karmas 
1977), others reported increasing trends (Rodriguez, Besteiro & Pascual 1999). 
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However, from this study, it was clear that the amine contents o f spermidine and 
spermine decreased as storage time progressed and for that reason, these two amines 
could not be used as reliable indices o f mackerel fish quality. 
Tryptamine and tyramine were detected in all the samples irrespective o f storage 
temperature. The levels of tryptamine and lyramine rose as decomposition progressed 
and increased more rapidly al elevated temperatures than at 0°C storage. Higher 
contents o f tryptamine and tyramine were found in samples stored at 35 than 25^C. 
Similarly, higher amounts o f these amines were obtained in samples stored at 25°C than 
0*'C samples. In contrast to the results o f this experiment, Kerr, Lawicki , Aguirre and 
Rayner (1999) did not detect tryplamine and tyramine in Mediterranean gilt-head sea 
bream stored aerobically at O'^ C, 8**C and 15"C respectively after 14 days. 
6.5.3 Microbiology 
Based on a microbiological acceptability l imit o f 7 logio cfu/g for fresh water and 
marine species, the total aerobic plate count (APC) on Pseudomonas spp. grown on 
CFC incubated at 20°C for 2 days and H2S-producing bacteria (mainly Shewanella spp) 
on lA incubated at 25**C for 3 days did not exceed spoilage levels o f 7 logio cfu/g 
ICMSF (2002) until after 8 days at 0°C storage. As high cell concentrations o f more 
than 8 logio cfu/g o f Shewanelia spp. are normally required to cause spoilage o f iced-
fish (Gram & Melchiorsen 1996), it was assumed that this organism was a major spoiler 
in the present study. An average level o f 6 logio cfu/g o f H2S-producing bacteria would 
be indicative o f marginal quality in gilt-head sea bream Lougovois e/ a/.(2O03) and sea 
bass Kyrana and Lougovois (2002) stored in melting ice. Counts o f H2S-producers in 
the range o f 6 to 6.7 logio cfu/g are normally present in rejected fish f rom temperate and 
tropical waters (Capell, Vaz-Pires & Kirby 1997). In this experiment, bacterial counts in 
the range o f 6.7 logic cfu/g o f H2S-producing bacteria were obtained during 8 days in 
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icing storage. Therefore this means that the gradual deterioration of the fillets leading to 
spoilage became evident on day 8, and by day 10, the fillets have reached the 
acceptability threshold for which the samples would be declared fit for consumption. It 
is well documented that Gram-negative bacteria such as Pseudomonas spp. and 
Shewanella spp. grow during aerobic storage on chilled fish and seafood products 
(Gram & Dalgaard 2002, Huss 1995). These two bacterial species have been reported to 
be the specific spoilage bacteria in fish from temperate waters, Gram and Melchiorsen 
(1996) and in fresh Mediterranean fish stored aerobically under refrigeration 
(Koutsoumanis et ai 1999). According to Gram et a/.(1987) and Gram (1992) 
Shewanella spp. are important in generating offensive fishy, rotten and H2S-off-odours 
and off-flavours associated with the spoilage o f marine, temperate water fish stored in 
melting ice. The initial low growth o f H2S-producing bacteria in this study could have 
been the result o f inhibition by Pseudomonas spp as it has been reported that 
Pseudomonas spp. can inhibit the growth o f H2S-producing bacteria (including 
Shewanella putrefaciens) due to the inability o f the former to produce siderophores 
(Gram & Melchiorsen 1996). 
In this study, the growth and proliferation o f microorganisms grown on APCs have 
reached the spoilage level established by ICMSF (2002) during 8 days o f icing storage 
despite the insignificant difference in the growth o f these organisms between days 8 and 
10 respectively. On the other hand, growth o f the Enterobacteriaceae reached the 
acceptability l imit during 5 days o f storage. 
At 25°C storage temperature, growth o f the H2S-producing bacteria, Pseudomonas spp., 
Enterobacteriaeceae and APC on the fillets have exceeded 7 logio cfu/g during 48 h 
storage. This was also true for samples stored at 35°C although higher microbial counts 
were obtained from fillets stored at 35°C. O f the microbial species determined, H2S-
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producing bacterial species were dominant in mackerel fillets samples stored at both o f 
the elevated temperatures. 
6.6 Conclusion 
The results o f the current experiment indicated that storing mackerel fish fillets at 0°C 
inhibited the formation o f histamine despite the growth o f Enterobacteriaceae at this 
temperature. It has also shown that 25°C is the optimum storage temperature for high 
content levels o f histamine, cadaverine and putrescine production. At 0°C storage 
temperature, time is not relevant in histamine development; however, at 25 and 35^C, 
the time of storage was indeed very crucial. From the results obtained in this study, it is 
strongly recommended and therefore important for artisanal and industrial fish 
producers, processors, retailers and consumers o f mackerel and other scombroid fish 
species to implement improved and better fish handling practices including chilled 
preservation techniques from har\'est to consumption in order to reduce the 
toxicological effect o f scombroid fish related poisoning. Spermidine, spermine and 
tyramine have proved not to be important biogenic amines in assessing mackerel fish 
safety and quality. The development o f a microbial model for the combined effect o f 
temperature and pH on prediction o f shelf o f mackerel fillets under dynamic 
temperature conditions is needed. 
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C H A P T E R ? 
7.0 The effects of environmental conditions on changes in microbial growth 
kinetic parameters for Pseitdomonas JIuorescens, Shewaneila putrefaciens 
and cultures of mixed bacteria (OiNC and F S C ) obtained from mackerel 
{Scomber scombnis) fish fillets 
7.1 Introduction 
The continuously increasing need for fish safety and quality assurance tools is gradually 
focussing attention to mathematical modelling to quantify and predict the consequences 
o f environmental variations on microbial activity in foods during storage (Pemi, 
Andrew & Shama 2005) as well as during production and distribution (Koutsoumanis, 
Stamatiou, Skandamis & Nychas 2005). Microbial growth models are used to describe 
the behaviour o f microorganisms under different physical or chemical conditions such 
as temperature, pH, salt concentration and water activity (aw). Mathematical or 
quantitative models that predict the growth o f food spoilage microorganisms as a 
function o f the main environmental controlling factors have the advantage to improve 
the shelf life and safety o f foods (Bovi l l , Bew, Cook, D'Agostino, Wilkinson & Baranyi 
2000) . 
The estimation o f microbial growth parameters from absorbance measurements is useful 
in many areas of microbiology and fermentation technology (Dalgaard & Koutsoumanis 
2001) . Absorbance measurements have the advantages o f being rapid, non-destructive, 
inexpensive and relatively easy to automate, in contrast with classical viable counts 
methods. Dalgaard and Koutsoumanis (2001) have stated that absorbance measuring 
devices typically have high detection thresholds in the range o f 10^ to lO'bacteria/mL. 
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The study o f the growth o f pathogenic microorganisms is important even in very low 
levels because o f problems a small dose can have. In contrast, spoilage bacteria are only 
important in foods when growth reaches high levels and for such microorganisms, the 
absorbance techniques wi l l most often be of considerable practical importance 
(Dalgaard 2008). 
Many techniques and mathematical growth models have been used for the estimation o f 
growth rates and lag times from absorbance data. Early studies determined maximum 
growth rates from absorbance (^maxABS) values from the linear part o f the log-
transformed absorbance growth curves (Koch 1994). Later, absorbance data measured 
directly or transformed into equivalent viable counts were fitted to sigmoidal growth 
curves, e.g. the Logistic and the Gompertz equations (Chorin, Thuault, Cleret & 
Bourgeois 1997) for estimation o f microbial growth parameters (Augustin, Rosso & 
Cariier 1999). Models that describe the population growth curve over time are termed 
primary models. On the other hand, secondary models are used to describe the influence 
o f environmental conditions on the parameters o f the primary model (Baranyi & 
Roberts 1994, Ross & Mc Meekin 2003). 
The aim o f this study was to investigate the combined effects o f temperature, pH and 
sodium chloride on the growth kinetics o f Pseudomonas Jluorescens, Shewanella 
putrefaciens and two cultures o f mixed bacteria obtained from mackerel fish fillets and 
also to use the data to construct a spoilage bacteria growth model. 
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7.2 Materials and methods 
7.2.1 Bacterial strains 
Culture collection strains of Pseudomonas Jluorescens ( N C I M B 9046) was obtained 
from the stocks o f the School o f Biological Sciences, University o f Plymouth, and 
Shewanella putrefaciens (NCIMB 1733) was purchased from Sigma. The strains o f 
Pseudomonas Jluorescens and Shewanella putrefaciens were selected because these 
microorganisms have been implicated in Fish spoilage (Huss 2003). 
The culture collection inocula were prepared as follows: each bacterial strain o f 
Pseudomonas Jluorescens and Shewanella putrefaciens were maintained o n Tryptone 
soya agar (TSA) medium at 5°C. A loopful o f a fresh subculture from Pseudomonas 
fluorescens and Shewanella putrefaciens was used for inoculation in 50 m L of fresh 
TSB medium and incubated aerobically overnight with slow agitation at 100 rpm in 
37°C. 
7.2.2 Cocktail of stock cultures 
A cocktail o f mixed bacterial culture f rom commercially available mackerel fish caught 
o f f the coast o f Plymouth during summer o f 2009 was also used. The cocktail was 
obtained from 25g of the fish fillet, homogenised in 225 mL o f sterile Tryptone soya 
broth (TSB) using a stomacher (Seward, London, UK) . The homogenate was filtered 
using sterile cotton cloth and the filtrate was put into centrifuge tubes for centrifugation 
at 4000 rpm for 20 minutes. After centrifugation, the supernatant was removed, and the 
pellet was re-suspended in 1.5 mL o f TSB in 30% glycerol for preservation. Stock 
cultures were kept frozen at -80°C until when needed. A day prior to running the growth 
experiments, 1.5 mL of the cocktail stock was removed from frozen storage and allowed 
to thaw in a container containing potable water for a period o f 30 minutes. After 
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thawing, I mL of the innoculum was added to 50 m L of TSB medium, w i th agitation 
around 100 rpm, and allowed to grow at 37°C overnight as overnight culture (ONC). 
The rest o f the thawed culture was kept in a refrigerator at an approximate temperature 
o f 5 ± 2°C until the following day when 100 \iL were taken and added to 900 \iL o f 
filler sterilised TSB medium as frozen stock culture (FSC). 
7.2.3 Preparation and inoculation of culture media 
For the growth and maintenance of the different bacteria in this study, TSB (Oxoid C M 
129), basal medium (no NaCI) with 3g/L yeast extract (Oxoid LP 0021) were used. The 
basal media was prepared and the pH adjusted to 5, 6, 6.5 or 7 using I M NaOH or I M 
HCl. To the basal media 0, 0.5, I , 5, 8 and 10% NaCl was added to provide 6 
concentrations o f NaCl for each pH condition. This pH adjusted media was then 
sterilised using Whatman 0.2^m bottle-top filters, and a vacuum pump (DA7C Model, 
Surrey) and stored at 5°C (Shin-Young, ICyo-Young & Sang-Do 2007). For overnight 
growth o f stock cultures, TSB with 3g o f yeast extract was prepared, dispensed into 
aliquots o f 50mL amounts in 250mL conical flasks, and autoclaved at 12I°C for 15 
minutes. 
7.2.4 Experimental design 
A factorial design incorporating three temperatures of 5, 10 and 23*'C; six NaCl 
concentrations (g/lOOg) o f 0, 0.5, 1, 5, 8 and 10 and; four pH values o f 5, 6, 6.5 and 7 
pH were used to investigate the growth kinetics o f Psetidomonas Jluorescens, 
Shewanella putrefaciens and two mixed bacteria cocktails (ONC and FSC) obtained 
from mackerel fish fillets. 
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7.2.5 Growth temperature and ^ro^^th rate measuremcni 
Samples for determination o f growth rates o f Pseudomonas Jluorescens, SheManella 
putrefaciens, ONC and FSC were incubated either at 5, 10 or lyC. Absorbance 
measurements were obtained from a Microplate automated reader ( T E C A N , Infinite 
200, Reading, UK) which was linked to a personal computer (Dell, Magellan Standard 
6.5, Reading, UK) . Flat bottom transparent 48 well plates with cover (Coming. Fisher 
Scientific, Loughborough, Leicestershire) were used as shown in Figure 32. Microplale 
wells were filled with 850 ^ L o f each medium combination o f salt concentration and pH 
to which 50 ^ L of inoculum containing 10** cfu/mL of the different culture were added. 
A kinetic cycle o f 6 h with a shaking duration o f 5 s performed before each hourly 
measurements was programmed for every growth experiment. The absorbance 
measurements were obtained in duplicate at a wavelength o f 690 nm and bandwidth o f 
10 nm. Absorbance values obtained were log-transformed to homogenise variances 
(Shin-Youngt'/c//. 2007). 
Figure 32 : TECAN, Infinite 200 Microplate Linked to a computer and about to take 
absorbance reading 
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7.2.6 Viable count measurements 
Total viable count (TVC) measurements were performed every hour on Pseudomonas 
Jliiorescens and Shewanella putrefaciens cultures growing at at 5, 10 and 23°C 
incubation temperatures. At each sampling time, 0.1 m L o f the aliquots o f 10"^ dilution 
were spread plated in replicates on to TSA medium (Oxoid C M 129). The plates were 
incubated at 25°C for 2 days. Plates with between 30 and 300 colony forming units (cfu) 
were counted. 
7.3 Primary modelling 
7.3.1 Baranyi and Roberts model 
The growth data obtained from culturable T V C for Pseudomonas JIuorescens and 
Shewanella putrefaciens were transformed to logio and time datasets were fitted to the 
Baranyi and Roberts (1994) model using MicroFit version 1 (Institute o f Food 
Research, Norwich, U K . ) . This model estimated kinetic parameters for maximum 
specific growth rate (Umax h"'), initial cell density (No cfu/mL), maximum cell density 
(Nmax c fu/mL), lag time (l-lag h) and doubling time (t-d h). 
7.3.1.1 Comparing two data sets using Baranyi and Roberts model 
Figure 33 is an example of MicroFit software screen shot used to perform statistical 
comparisons between two data sets by comparing two models. The first model, which is 
called the 'separated' model, has seven parameters, i.e. values o f No, Nmax, Mmax, (t-d), 
and t-lag for each o f the two data sets. These values are shown in the box labelled 
'parameter estimates' above each data set. The second model is called the 'Unified' 
model and has only five parameters. Each data set has its own value for t-lag, but they 
share common values for No, Nmax, and Umax- The statistical test determines whether 
179 
The effect o f environmental conditions on changes in microbial growth kinetics 
there is a significant improvement in the fit to the data sets by using the 'Separated 
Model' rather than the simpler (i.e. with fewer parameters) 'Unified Model'. The F-
statistic was used to determine whether the improvement to the fit justifies the use o f the 
extra parameters (Baranyi & Roberts 1994) to describe the corresponding data set. 
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Figure 33 : Example o f MicroFit software screen shot version 1 comparing two data 
sets for Shewanella putrefaciens and Pseudomonas jluorescens at 5"C showing the 
separated and unified models o f Baranyi and Roberts 
7.3.2 Gompertz model 
Growth curves against time were iteratively generated using the Gompertz equation and 
fitted to a nonlinear regression model (Sigma Plot, version 11). The Gompertz model 
was developed by the U.S. Department o f Agriculture to predict microbial growth in a 
food environment containing many controlling parameters. The model generates an 
output including lag time, maximum growth rate, and the maximum microbial load; 
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directly from nonlinear regression o f the growth values against time data (Ray 2001). 
For these four parameters, the asymmetric, sigmoidal equation is: 
N= A + C exp (- exp[- B(t -M)]) 
Where N is logio cfu/mL or log absorbance cfu/mL, A is initial logio c f l i /mL or log 
absorbance per mL, C is logio cfu/mL or log absorbance cfu/ mL between time t and 
initially, "exp" is exponential, B is the relative growth rate at M , and M is the time at 
which growth rate is maximum (Ray 2001). 
7.4 Secondary modelling 
The kinetic parameters obtained from the primary models were used for the response 
surface analysis (RSA). The independent variables considered were temperature, pH 
and NaCl concentration using a polynomial quadratic equation and the dependent 
variable was the Mumax h ' ' as described by (Gibson, Bratchell & Roberts 1988). A 
regression equation response surface model was used which was represented by a 
polynomial o f the form: 
log growth rates = bo+biA+b2B+b3C+b4A^+b5B^+b6C^+b7AB+b8AC+b9BC+ £ 
Where, log growth rate is the dependent variable modelled, and bi - bio are the 
coefTlcients to be estimated. The effects o f these variables were determined using the 
general linear model (Minitab, version 15, Coventry, U K ) . 
A = Incubation temperature; B= Initial pH; C= NaCI concentration; 
bo - b9 = Regression coefficients; e= Random error 
7.4.1 Evaluation of model performance 
The coefficient o f determination (r^) from each nonlinear regression was used as an 
overall measure o f the precision of the prediction attained. It measures the fraction o f 
the variation from the mean that is explained by the model. 
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7.5 Results 
7.5.1 Primary modelling 
7.5,1.1 Comparison of Baranyi and Roberts and Gompertz models on 
growth kinetic parameters of Pseudomonas Jluorescens and 
Shewanella putrefaciens from T V C 
The effect o f incubation temperature on the growth kinetic parameters for Pseudomonas 
fluorescens and Shewanella putrefaciens obtained from T V C was measured using both 
models (Table 38 ) and the output was compared. When the data were fitted to the 
models, the results show that Baranyi and Roberts model gave marginally higher 
estimates for No (logio cfu/mL) and N^ax (logio cfu/mL) than Gompertz. The residual 
sum o f squares (RSS) was all almost zero. The root mean square (RMS) error values 
provide a measure o f the goodness o f fit for a model to the data used to produce it. The 
lower this value or figure, the closer the fit o f the model to the data (Sutherland, Bayliss 
& Roberts 1995). For Gompertz, the coefficients o f determination (r") values were very 
high and close to one. Furthemore, both primary models gave higher growth yield 
estimates for maximum growth rate (^max h"' for Baranyi and Roberts) and growth rate 
(b h"' for Gompertz) for the two strains at \0°C incubation temperature. 
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Tabic 38 : Comparison of Baranyi and Roberts and Gompertz models on growth kinetic parameters for Pseudomonas Jluorescens and 
Shewanella putrejaciens from TVC 
Barnyl and Roberts Model Gompertz Model 
Strain T 
CC) 
No log 
(cfu/mL) 
Nmax log 
(cfu/mL) 
MUmax (h-1) t-lag (h) t-d (h) RSS RMS a c b m r^  
Pseudomonas 5 11.I5±0.04 11.81 ±0.64 0.35±0. l i 0.I0±0.03 2.00±0.21 0.00 0.02 10.75 11.83 0.28 0.06 0.993 
Jluorescens 10 I0.33±0.03 10.91 ±0.04 0.60±0.I7 3.08±0.59 I.I5±0.19 0.01 0.03 10.31 10.96 0.38 3.44 0.978 
23 l l .46±0.03 12.15±0.6I 0.14±0.36 -4.23±2.29 4.29±l.77 0.01 0.02 10.48 12.00 0.24 0.50 0.990 
Shewanella 5 11.27db0.02 l l .73±0.04 0.47±0.I7 1.92±0.92 1.47±0.24 0.00 0.02 11.22 11.73 0.39 2,24 0.981 
putrefaciens 10 I0.24±0.02 I0.83±0.02 0.73±0.I2 2.I0±0.35 0.95±0.ll 0.00 0.02 10.24 10.83 0.58 2.53 0.995 
23 l l .45±0.02 IL94±0.02 0.53±0.I4 1.34±0.7I 1.30±0.18 0.00 0.02 11.37 11.94 0.43 1.59 0.988 
Initial cell density( No log cfu/mL); Final cell density (Nmax log cfu/mL); Maximum specific growth rate (Mumax h ' ) ; Lag time (t-lag h); 
Doubling lime (t-d h); Residual sum of square (RSS); Residual mean square ( R M S ) error; a (Initial cell density log cfu/mL); c (Final cell 
density (N^ax log cfu/mL); b (growth rate h'*); m (time at which growth rate is maximum); r^( coefficient of determination) 
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7.5.1.2 Prediction of growth rates (^ h"') for Pseudomonas fluorescens and 
Shewanella putrefaciens 
Microbial growth data were fitted to Gompertz model to also determine the observed 
and predicted growth rates for Pseudomonas fluorescens and Shewanella putrefaciens 
from TVC stored aerobically at the different temperatures (Table 39). These results 
indicate no difference between the observed and predicted h' ' for Pseudomonas 
fluorescens and Shewaneila putrefaciens in all the storage temperatures. The 
coefficients o f determination (r^) were also all high and not different. 
Table 39 : Observed and predicted growth rates ( | i h ' ) o f Pseudomonas JIuorescens and 
Shewanella putrefaciens from TVC stored aerobically at 5, 10 and 23°C temperatures 
Temperature 
CC) 
Pseudomonas fl uorescens Shewanella putrefaciens 
Observed Predicted Observed Predicted 
5 0.28 0.28 0.43 0.43 
10 0.38 0.38 0.58 0.58 
23 0.24 0.24 0.43 0.43 
7.5.1.3 Growth parameter estimates obtained from absorbance 
measurements for Pseudomonas fluorescens, Shewanella 
putrefaciens, OiNC and F S C at different pH levels and temperatures 
and NaCI concentrations using Baranyi and Roberts model 
Absorbance measurements obtained from Pseudomonas fluorescens, Shewanella 
putrefaciens and the two cultures from the fish (ONC and FSC) were fitted to the 
Baranyi and Roberts model to generate microbial growth curves for primary modelling. 
The growth kinetic parameters for these microorganisms at four different pH levels and 
six different NaCI concentrations at 5, 10 and 23°C incubation temperatures are shown 
in Tables 40, 41 and 42 respectively. The model could not fit the data for any 
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microrganism type and for any NaCI concentrations above 1% NaCl concentration at 
23°C incubation temperature. These data were not included in the kinetic results. The 
highest limax h"' at 23°C was reached at pH 6.5 for Pseudomonas JJuorescens, 
Shewanella pittrefaciens and FSC. It was reached at pH 7 for the ONC. At I0°C 
incubation, the model fitted the data for all the levels o f NaCI concentration and for the 
two strains and two cultures for only pH 5 (Table 40). 
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Table 40 : The effect o f 5**C incubation temperature, pH and NaCI concentrations on Pseudomonas Jluorescens, Shewanella putrejaciens, and mixed 
cultures (ONC and FSC) in TSB medium using Baranyi and Roberts model 
T NaCI pl l Pseudomoitas Jluorescens Shewattetta putrefaciens O N C F S C 
(%) No Nmax No Nmix (log No Nn^, (log No N 
(log 
abs/niL) 
(log abs/mL) (log abs/mL) abs/mL) . ( h ' ) (log 
abs/mL) 
abs/mL) (log 
abs/mL) 
(log abs/mL) 
5 8 5 - - - - - - 0.07 -0.8 -0.5 - - -
5 10 5 0.16 -0.9 -0.43 - - - - - - - - -
5 0 6 0.19 -0.9 -0.5 - - - - - - 0.27 -1.0 -0.7 
5 0.5 6 - - - 0.23 -0.5 -0.22 - - - - - -
5 I 6 0.09 - I .O -0.6 0.13 -1.0 -0.6 0.08 -0.8 -0.6 0.18 -0.9 -0.7 
5 5 6 0.20 -1.0 -0.6 0.15 -0.9 -0.5 0.14 -0.9 -0.4 - - -
5 8 6 0.13 -0.9 -0.5 0.13 -0.9 -0.5 0.10 -0.9 -0.5 0.10 -0.8 -0.5 
5 10 6 0.01 -0.9 •0.7 0.03 -0.7 -0.4 0.19 -1.0 -0.4 0.12 -1.0 -0.5 
5 0 6.5 - - - 0.20 -0.8 -0.60 - - - - - -
5 8 6.5 - - - 0.08 -0.8 -0.5 0.02 -0.6 -0.5 0.08 -0.7 -0.4 
5 10 6.5 - - - - - - - - - 0.18 -0.7 -0.5 
5 0 7 - - - 0.08 -0.7 -0.5 - - - - - -
5 10 7 0.81 -0.9 -0.5 - - - - - - - -
Maximum specific growth rate (Mumax h"'); Initial cell densities (Noabs/mL); final cell densities (Nmax abs/mL) and - (No growth 
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Table 41 : The effect of I0°C incubation temperature, pH and NaCI concentrations on Pseudomonas Jluorescens, Shewanella putrefaciens, and mixed 
cultures (ONC and FSC) in TSB medium using Baranyi and Roberts model 
r NaCI p l l Pseudomonas fluorescens Shewanella putrefaciens OiNC F S C 
("C) (%) No Nnux No Nnm (log No Nmx. (log No Nfnax 
(h') (log abs/mL) (log abs/mL) (h-') (log abs/mL) abs/mL) (h-') (log abs/mL) abs/mL) (h' ) (log abs/mL) (log abs/mL) 
1 0 0 5 0.34 -1.2 -0.66 0.26 -1.1 -0.60 0.23 -1.1 -0.54 0.17 -1.0 -0.61 
1 0 0.5 5 0.16 -0.7 -0.37 0.10 -0.7 -0.44 0.15 -0.6 -0.44 0.04 -0.6 -0.41 
1 0 1 5 0.84 -1.2 -0.49 0.72 -1.2 -0.50 0.68 -1.1 -0.52 0.14 -0.9 -0.51 
)0 5 5 0.32 -1.2 -0.59 0.04 -I.O -0.65 0.22 -1.1 -0.62 0.21 -0.8 -0.57 
10 8 5 0.40 -1.2 -0.58 0.33 -1.3 -0.62 0.20 -1.0 -0.45 0.02 -0.8 -0.54 
10 10 5 0.45 - l . I -0.59 0.44 - I . l -0.58 0.51 -1.1 -0.55 0.27 -1.0 -0.63 
10 0.5 6 - - - 0.21 -1.0 -0.6 - - - 0.70 -1.1 -0.70 
10 I 6 0.14 -1.0 -0.6 0.25 - I . l -0.6 0.05 -1.1 -0.70 0.14 -1.1 -0.70 
10 5 6 0.69 -1.1 -0.6 0.25 -1.1 -0.6 0.22 - I . l -0.70 0.22 -1.1 -0.70 
10 8 6 0.07 -1.1 -0.7 - - - - - - 0.19 - l . I -0.70 
10 to 6 0.06 -1.1 -0.7 0.32 -1.1 -0.8 0.11 - l . I -0.9 0.13 - I . I -.80 
10 5 6.5 - - - 0.68 -0.80 -1.0 0.25 -0.70 -1.0 - - -
Maximum specific growth rate (Mumax h ); Initial cell densities (Noabs/mL); final cell densities (Nmux abs/mL) and - (No growth) 
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Table 42 : The effect o f 23°C incubation temperature, pH and NaCI concentrations on Pseudomonas fluorescens, Shewanella putrefaciens, and mixed 
cultures (ONC and FSC) in TSB medium using Baranyi and Roberts model 
T NaCI pH Pseudomonas fluorescens S/tewanelia putrefaciens O N C F S C 
r c ) (%) MUmi, No 
(h') (log abs/mL) (log abs/mL) 
No 
(log abs/mL) 
Nmax (log 
abs/mL) 
No 
(log abs/mL) 
Nma* (log 
abs/mL) 
No 
(log abs/mL) 
N[na.\ 
(log abs/mL) 
23 S 6 - - - - - - - - - 0.18 -1.1 -0.8 
23 0.5 6.5 0.23 -0.4 -0.2 0.17 -0.4 -0.2 0.09 -0.4 -0.2 0.20 -0.4 -0.2 
23 0 7 0.18 -0.5 -0.24 0.12 -0.5 -0.3 - - - - - -
23 0.5 7 0.18 -0.5 -0.24 0.12 -0.5 -0.3 0.12 -0.5 -0.3 0.11 -0.5 -0.3 
23 I 7 0.12 -1.1 -0.60 0.16 -1.0 -0.7 - - - - - -
Maximum specific growth rate (Mu.nax ) ; Initial cell densities (Noabs/mL); final cell densities (N^ax abs/mL) and - (No growth) 
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7.5.2 Growth parameter estimates obtained from absorbance 
measurements for Psettdomonas JJuorescens, Shewanella 
putrefaciens, O N C and F S C at different pH levels, temperatures and 
NaCI concentrations using Gompertz model 
The growth rates (h"') of the two strains and the mixed cultures and their coefficients of 
determination at different pH and salt concentrations are shown in Table 43. Higher 
estimates o f growth rates at 5°C incubation were reached at pH 5 for F S C (4.40 h"'); 
Pseudomonas fluorescens (4.31 h"') and Shewanella putrefaciens (3.93 h' ' ) at 5 and 8% 
NaCI concentrations respectively. The growth parameter estimates obtained for ONC 
was only at pH 7 and 8% NaCI. The data for pH 6 for the two strains and the two 
cultures could not be fitted with the model and not included. 
Microbial growth rate estimates at IO°C in the different levels of NaCI concentration 
show that higher ^ were attained by the two strains and two mixed cultures at pH 7. 
Pseudomonas fluorescens, Shewanella putrefaciens and ONC reached higher \i at 5% 
NaCI. On the other hand, the FSC attained a higher p o f 9.51 h ' ' at 0.5% NaCI 
concentration. 
At 23°C incubation, no growth was observed at any NaCI level at pH 6. The growth 
rates obtained at pH 6.5 have shown that 0.5% NaCI was the ideal salt level condition 
for attainment o f optimum growth rates. This is clearly shown in the growth rate values 
for the two strains and two mixed cultures (Table 43). There was no difference in the 
growth rates for Pseudomonas fluorescens at both 0 and 0.5% salt concentrations. The 
r^  values obtained were high, indicating a good fit o f the model. 
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Table 43 : The effect of incubation temperature, pH and NaCI concentrations 
and mixed cultures (ONC and FSC) obtained from absorbance measurements 
on growth oi" Pseudomonas fluorescens, Shewanella putrefaciens, 
using Gompertz model 
Incubation temperature 
Strain 
5"C 
NaCI (%) pH h-' 
I O X 
NaCI (%) pl l Mh-
2 3 X 
N a a ( % ) pH liW 
0.5 6.5 8.03 0.986 
I 6.5 3.06 0.998 
0 7 7.22 0.938 
0.5 7 7.22 0.938 
0 5 2.06 0.999 
0.5 6.5 9.01 0.979 
1 6.5 3.31 0.998 
0 7 4.73 0.967 
0.5 7 4.73 0.967 
1 7 4.99 0.994 
Ps. Fluorescens 
5 5 4.31 0.970 
5 6.5 1.78 0.932 
10 7 1.32 0.989 
0.5 
1 
10 
5 
5 
0 
0.5 
I 
5 
5 
5 
5 
6 
6 
6.5 
7 
7 
7 
4.09 
1.18 
7.31 
1.30 
3.44 
1.60 
5.91 
6.03 
9.08 
0.950 
0.951 
0.951 
0.984 
0.966 
0.977 
0.987 
0.992 
0.981 
S. putrefaciens 8 5 3.93 0.940 
0.5 
1 
I 
5 
5 
0.5 
1 
5 
5 
5 
6 
6 
6.5 
7 
7 
7 
5.54 
1.21 
4.78 
4.46 
6.00 
7.82 
8.49 
9.19 
0.951 
0.946 
0.922 
0.931 
0.936 
0.981 
0.989 
0.984 
ONC 1.20 0.944 
0.5 
1 
1 
0.5 
8 
5 
0.5 
1 
5 
5 
5 
5 
6 
6 
6.5 
7 
7 
7 
5.28 
1.29 
5.34 
1.87 
6.25 
1.00 
1.01 
6.76 
6.97 
0.939 
0.938 
0.933 
0.997 
0.976 
0.977 
0.986 
0.993 
0.985 
0.5 
1 
0.5 
6.5 5.66 0.997 
6.5 3.17 0.948 
7 5.44 0.988 
FSC 
0 7 2.44 0.926 
8 5 4.40 0.959 
10 
0 
0.5 
1 
5 
8 
0.5 
5.68 
0.17 
1.95 
2.33 
1.15 
2.10 
9.51 
8.16 
6.87 
0.949 
0.798 
0.997 
0.958 
0.988 
0.981 
0.976 
0.989 
0.985 
0.5 
1 
0.5 
6.5 6.96 0.987 
6.5 3.65 0.978 
7 3.67 0.973 
\xh' (growth rate per hour); (coefficient of deiemiination) 
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7.6. Secondary modelling 
To develop secondary models, 72 growth curves for each microrganism category were 
created and subjected to response surface analysis using a general linear model (Minitab 
15). The fol lowing equation was obtained for Shewanella putrefaciens: 
Ln growth rate = 0.22 + (-0.02*Temp) + (-0.01 *NaCI) + (-0.04*pH) + (-0.15*Temp2) + 
(-0.03*NaCl^) + (-0.03*pH^) + (-0.01*Temp*NaCI) + (-0.04*Temp*pH) + (-
0.02*NaCI*pH) 
The above equation estimated the predicted growth rate o f Shewanella putrefaciens in 
combinations o f temperature, NaCI and pH in TSB medium (Figure 34). The regression 
equations for Pseudomonas fluorescens, ONC and FSC and their respective models 
have not been included. 
MuiDax(h-l) 0 4 
10 
NaCI (7*) 
Figure 34 : Response surface model for prediction o f growth rates for Shewanella 
putrefaciens in different concentrations o f NaCI and pH at IO°C 
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The regression equation o f the response surface model for Mumax h ' ' o f Shewanella 
putrefaciens against temperature, NaCI concentration and pH has shown that 
temperature had highly significant effect (p<O.OOI) on the growth rate o f this organism 
with pH coming second in effect. From this result, there is a reduction of -0.15 h ' ' log 
Mmax per one degree centigrade decrease in temperature, while estimates o f the 
coefficients o f NaCl and pH and its interactions were very small and not significant. 
The same pattern o f significance on the effect o f temperature was observed for 
Pseudomonas Jluorescens, ONC and FSC (results not shown). The effect o f pH was 
clearer in ONC and FSC mixed culture than pure bacterial cultures o f Pseudomonas 
Jluorescens and Shewanella putrefaciens as it showed to be marginally significant (p= 
0.091) and this is presumably because o f the antagonistic effect between bacteria in the 
mixed population. 
7.6.1 Evaluation of the model performance 
In this study, the statistical index o f r^  was used in the evaluation o f the model 
performance. The r^  value of 0.631 was attained for prediction of the combined effects 
of temperature, NaCl and pH on growth rate o f Shewanella putrefaciens in TSB 
medium. The r^  o f the models for Pseudomonas fluorescens and the two cultures were 
lower than that o f Shewanella putrefaciens and were therefore not included. 
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7.7 Discussion 
In order to build or test models to describe the growth o f microrganisms in food, it is 
always necessary to measure growth curves. To reduce the measured data to parameters 
such as growth rate ( j i ) , maximum growth rate ^max, lag time (t-lag) and doubling time 
(t-d), it is also important that the data are described with a model. In this study, Baranyi 
and Roberts and Gompertz models were used to model the effects o f environmental 
conditions on changes in microbial growth kinetic parameters for Pseudomonas 
Jluorescens, Shewanella putrefaciens and cultures o f mixed bacterial (ONC and FSC) 
populations obtained from mackerel fish fillets. 
7.7.1 Comparison of Baranyi and Roberts and Gompertz primary models 
The comparison o f the results obtained from MicroFit and Gompertz models for 
primary modelling of the T V C data for the two strains o f bacteria has shown that both 
models are reliable and appropriate for obtaining accurate estimates o f microbial growth 
kinetics. The residual sum of squares (RSS) and root mean square (RJVIS) error values 
obtained from MicroFit primary model in this study were definitely small and could be 
assumed that these values represented mostly analytical error due to viable count 
procedure. The high values o f r^  derived from the Gompertz model is an indication o f 
better fit o f the model. According to Grau and Vanderlinede (1993) the higher the value 
of r^  (0<r2<l) the better is the prediction by the model and the lower the value o f MSE, 
the better is the adequacy o f the model to describe the data (Sutherland et ai 1995). 
Based on the above statements about the statistical indices, the results obtained in this 
study indicated that both Baranyi and Roberts and Gompertz primary models proved to 
be reliable for the predictions o f growth kinetic parameters for Shewanella putrefaciens 
and Pseudomonas JIuorescens. Also, the closeness between the observed and predicted 
growth rate values obtained from Gompertz is a further indication o f the reliability o f 
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the predictions. The results make it is possible to recommend the use o f either model for 
primary modelling o f microbial growth data. 
7.7,2 Growth parameter estimates from T V C for Pseudomonas 
fluorescens and Shewanella putrefaciens 
Higher ^niax (h ' ' ) values for Shewanella putrefaciens growth in all the incubation 
temperatures from TVC in this study were obtained with both Baranyi and Roberts and 
Gompertz models. This was particularly evident at 23°C temperature when the 
difference in ^max h between the two strains was almost 3-foIds and presumably related 
to increase in cell size. According to Dalgaard and Koutsoumanis (2001) the cell size o f 
Shewanella putrefaciens increases with temperature o f incubation. The results obtained 
in this experiment are in agreement with the findings o f these authors but only for 5 and 
10°C temperatures. 
The low cell yield observed for Pseudomonas Jluorescens could probably be related to 
an increased requirement for energy substrate for maintenance which was responsible 
for reduced growth rate. The longer doubling time (t-d h ' ' ) attained by this strain could 
also have contributed to the increase in the duration over which bacterial cells must be 
maintained and therefore influence growth. According to Buchanan, Whiting and 
Damert (1997) the duration o f t-d h"' is also dependent on the overall metabolic rate o f 
the cell to generate sufficient energy and then use that energy to produce the array o f 
biological components that are needed for cell replication (transcription and translation 
of new genes). 
The growth kinetics estimates showed that Pseudomonas fluorescens attained higher 
maximum bacterial cell densities than Shewanella putrefaciens irrespective o f storage 
temperature. The high cell densities could be linked to the fact that the growth rate o f 
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Pseudomonas flitorescens in fish could originally be low and not associated with the 
initial process o f the spoilage of fish and fish products. However, as storage continues 
the bacterial population also increases and by the time the fish is considered spoiled, 
Pseudomonas Jluorescens had become the principal microfiora. Huss e( al. (1997) 
indicated that the numbers of spoilage organisms such as Pseudomonas Jluorescens as a 
total bacterial population changes and become dominant as spoilage proceeds. 
The parameter and statistics o f the model for t-lag (h) was found to be negative (-4.23 
h) for Pseudomonas Jluorescens at 23°C. The negative t-lag obtained could be 
dependent on the overall metabolic rate o f the cell from a low temperature environment 
to a higher temperature as well as the history o f the cells comprising the inoculum. This 
negative value is significantly lower when compared to those found in other studies 
relating to the effect o f temperature on pseudomonad growth (Neumeyer, Ross & Mc 
Meekin 1997), In biological terms, t-lag (h) represents a transition period during which 
microbial cells adjust to their new environment (Robinson, Ocio, Kaloti & Mackey 
1998) and that it could be expressed as the ratio between the amount o f work that a cell 
needs to do to adapt to its new environment and the rate at which it is able to do that 
work (Dalgaard 1995). Also, according to Koutsoumanis (2001) bacterial growth does 
not show any significant lag phase especially at elevated temperatures. 
7.7.3 Growth parameter estimates from absorbance measurements for 
Pseudomonas fluorescens^ Shewanella putrefaciens, OiNC and F S C 
Data acquired from different incubation temperature, pH and salt concentrations which 
did not fit both models or showed no growth were excluded from the study. The reasons 
for some o f the data not fitting the model were further investigated, and some were 
attributed to the issue o f condensation on the sides o f the 48 microplate wells during 
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absorbance measurements. This issue was even more evident with microplate wells 
incubated at 5 and 10°C temperatures. 
The microorganisms and cultures o f the mixed bacteria studied reached the highest 
growth rate at \0°C incubation temperature and between 1 and 5% NaCl concentrations. 
The ONC had higher growth rates at this temperature than FSC and this was associated 
with the condition o f the treatments. The ONC were grown in TSB broth at 37**C and 
FSC were not but rather maintained at chilled temperature were the growth is inhibited. 
The Gompertz model gave higher estimates o f growth rate than the Baranyi and Roberts 
model. This is in agreement with the findings o f Graham, Mason and Peck (1996) who 
indicated that the Baranyi and Roberts model avoided the overestimation o f growth rate 
inherent in the Gompertz model. 
7.7.4 Secondary modelling 
The relatively low r^  value obtained from the response surface model for Shewanella 
putrefaciens could presumably be due to the inadequacy o f data to fit the model rather 
than the non-significant effect o f NaCl and pH. However, the effect o f environmental 
factors on growth yields has shown temperature as the main interacting factor in 
determining growth o f the microorganisms in this study. This brings us back to the "old 
story" o f the effectiveness o f chilling in reducing or inhibiting the degree o f spoilage. It 
is not clear whether chilled storage per se is enough to produce the required degree o f 
protection against spoilage or it should be used in combination with other measures 
such as NaCl and pH controls. Low temperature slows down the metabolic and 
enzymatic activities in fish muscle, and this can influence the pH levels which would 
inhibit the growth o f microrganisms. This is understandable because the growth rate 
depends upon the environment in which growth is occurring, and wi l l increase to a 
maximum which is determined by the environment, include temperature, aw and pH 
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conditions. This wi l l not contradict the general belief in the effectiveness o f icing 
(supported by statistical analysis). However, the effect o f NaCl is not clear from the 
model and therefore needs to be further elucidated. 
197 
The effect o f environmental conditions on changes in microbial growth kinetics 
7.8 Conclusion 
Baranyi and Roberts and Gompertz models have provided accurate and reliable 
estimates o f growth kinetic parameters in this study. The different types o f model 
provided different growth information and are thus complementary. To save time and 
valuable resources, the use o f either o f these models to generate growth data for 
subsequent secondary modelling is therefore recommended. The favourable 
environmental factors for microorganisms to reach maximum growth as obtained from 
the primary models are temperature between 10 and 23''C, 0-5% NaCl concentration 
and pH 6.5-7 levels. 
The relevance o f models to the growth o f microrganisms in foods should be checked 
carefully before predictions are used in commercial circumstances or for regulatory 
purposes. A cost efficient way o f such checking is by comparison with independent data 
in the literature and to identify those circumstances where models can be relied upon 
and where they fail . In these cases where models failed should not be used or should 
further be investigated. In this regard, the model obtained for Shewanella putrefaciens 
in this study should not be described entirely as reliable, as it may need further 
investigation and validation. 
The absorbance method used has the advantage to generate substantial volume o f 
microbiological growth data as opposed to the conventional T V C method which is time 
consuming and labour intensive. The only draw back for the absorbance method is that 
it measures both live and dead microorganisms. Also, the plate reader system used in 
this study proved unsatisfactory for measuring absorbance at chilled temperatures. This 
is because of condenstation occurring on the plates and linked interference with optical 
density measurement readings. 
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Chapter 8 
8.0 Conclusion 
• The evaluation on the impact o f SPS measures in the fisheries sector o f The 
Gambia has shown that there is absolute need for improvements in infrastructure 
and operating practices related to SPS in post harvest fisheries sector o f The 
Gambian economy. 
• The national legislation for the management and development of food quality, 
including safety, is adequate and harmonised with the EU international fish 
market requirements. 
• The industrial fisheries sub-sector and all those operating along the fish supply 
chain are not consistently applying national and international standards and 
requirements for hygiene and sanitation standard operating procedures in their 
fish production, handling and processing activities. 
• The decrease in the L* o f mackerel fish eyes started at day 8 and proceeded until 
day 15 when the fish reached a state unfit for human consumption as judged by 
sensory evaluation. This was supported by the Pearson correlation coefficient 
which also indicated that the decrease in L* started at day 8 and proceeded until 
day 15, while the progress for day 17 added no further change. It can therefore 
be concluded that the L * value o f mackerel eyes is a valuable index in assessing 
the degree o f deterioration and can be used as a quality indicator. 
• The a* and b* o f mackerel fish skin during 17 days o f icing storage did not 
provide valuable information on determining the usefulness o f these colour 
chromaticity in evaluating mackerel fish freshness and quality. 
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• There was a significant decrease in textural firmness o f whole mackerel fish 
between day 1 and day 3 for all the measuring locations. Also, the tail end 
(location C) was firmer than the upper and middle parts (locations A and B) 
during the whole trial. 
• The average QI score obtained f rom the sensory evaluation was linearly related 
to storage time on ice with a high correlation coefficient (r= 0.99) between the 
QI and days of icing. The Q I M offers a unique tool for measuring freshness 
quality o f whole mackerel fish stored in ice. Sensory assessment gradings were 
consistent and provided the basis for estimating days in ice passed with 
accuracy. 
• T V B - N content of mackerel fish increased with storage time in ice. A major 
increase started from day 8 (12.66 ± 0.4lmgN/100g) when the T V B - N content 
did not exceed the acceptability l imit o f 25-35 mgN/lOOg. However, by day 14, 
the T V B - N (43.68 ± 0.56 mgN/lOOg) content reached a level when the fish was 
unacceptable for human consumption. 
• On the other hand, T M A which is universally used as a fish freshness indicator 
showed the limit o f acceptability for mackerel fish in this study to be 
8.5mgN/100g. This coincided with storage time of 8 days in ice. The good 
agreement between the average QI score and T M A of 8 days further confirmed 
the shelf life o f mackerel fish stored in ice. 
• The effect of icing storage on biogenic amines production in mackerel fish over 
17 days o f storage did not have any significant effect on histamine formation at 
0°C storage as histamine was not delected. Putrescine (16.5 ± 0.1 mgN/lOOg), 
tyramine (17.3 ± 0.1 mgN/IOOg) and spermidine (14.5 ± 0.4 mgN/IOOg) were 
the predominant biogenic amines at the end o f icing storage. 
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• Higher storage temperatures o f 25 and 35*^0 showed high level contents o f 
histamine, cadaverine and putrescine while spermidine and spermine levels 
decreased with increasing storage irrespective o f whether it was 25 or 35**C 
temperature. The increase in cadaverine and putrescine contents at elevated 
temperatures could lead to the conclusion that in addition to histamine, 
cadaverine and putrescine may be used to evaluate the freshness quality o f 
mackerel fish. This could bring tremendous benefit to suppliers, producers, 
processors, fish inspectors and policy makers. 
• The changes in microbiological count indicated indiscernible lag phase as the 
numbers o f microorganisms increased logarithmically throughout the study. The 
counts o f H2S-producing bacteria capable o f forming black colonies on iron agar 
( l A ) and reducing T M A O to T M A were relatively low initially (2.22 ± 0.05 
cfu/g). However, as icing storage progressed, the counts o f these organisms 
reached 7.59 ± 0.20 cfu/g almost equivalent to the counts obtained from other 
groups. This is an important finding as H2S-producing bacteria counts could be 
used as a quality control index for mackerel fish because these microorganisms 
are classified as specific spoilage organisms. 
• Determining bacterial growth rates using absorbance measurements provides a 
rapid and a longer term inexpensive means o f modelling compared to the 
conventional microbiological total plate count method which is tinne consuming 
and labour demanding with associated inherent errors. The equipment used for 
obtaining absorbance measurements in this study proved suitable for taking 
readings at ambient temperature and above, but it was not the most suitable 
option for chilled temperature measurements, because o f the issue o f 
condensation occurring on to the microplates. This was an unavoidable problem, 
as it interfered with the readings and therefore generated inconsistent and 
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unrealistic absorbance data. The other drawback with absorbance measurements 
is that it measures both live and dead cells. 
• As one o f the objectives o f this study was to evaluate different modelling 
techniques, both Baranyi and Roberts and Gomperlz models were evaluated for 
fitting the growth o f Shewanella putrejaciens, Pseudomonas Jluorescens and 
cultures o f mixed bacteria obtained from mackerel fillets. Different variables 
were used: Temperature (5, 15 and 23°C), pH (5, 6, 6.5 and 7) and NaCl 
concentrations (0, 0.5, I , 5, 8 and 10%). Both primary models were satisfactory 
to fit the data. The secondary modelling showed that temperature had the most 
significant effect, followed by the pH. Strangely, NaCl concentration had no 
significant effect. Generally, one can confidently recommend to include 
modelling as a major pan of evaluation o f mackerel fish. 
• This thesis constitutes just a small sample o f what can be learned about changes 
in the freshness quality of fish during handling and storage. Many applications 
could be derived from these findings. Targeted projects in alternate areas are 
recommended. 
• There is continued need to develop and validate microbial models for growth, 
death and survival o f specific spoilage organisms (SSOs) in diverse fish matrices 
and fish processing establishments exposed to various environmental conditions. 
This wi l l reduce the uncertainty against SSOs in fish production, processing and 
distribution and thus ensuring fish safety. 
• For routine fish freshness evaluation, the QlNl method could be a more effective 
sensory tool, as it is faster, non-destructive and reliable but it has to be 
performed by a trained panel o f assessors. It also involves specifying the 
characteristics o f appropriate sensory attributes o f the fishery product. Using the 
quality index, the post-mortem age o f iced fish could be predicted. This would 
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be an adequate measure for quality management purposes in the fishery supply 
chain. It is therefore important that the Q I M is extended to other types o f fish 
species and seafood commodities (e.g, smoked fish products). 
• The overall picture o f the results of this study, when taken collectively, indicates 
that the current practice o f direct icing should be encouraged and where 
necessary enabled through infrastructural changes. This is because icing is 
effective in maintaing the freshness and quality o f mackerel fish at least after 
day 8, for either further processing or marketing. The present procedure o f 
evaluating fish freshness in The Gambia should be intensified and broadened to 
include, in addition to the sensory evaluation, complementary tests based on 
chemical, microbiological and modelling and prediction techniques. 
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